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Abstract 
Di(p-tol)phosphido-bridged complexes, (OC)M[µ-P(p-tol)ihM(C0)4 (M = Mo, 
W), have been synthesized for the first time. These have been obtained from the reaction 
of (OC)sMP(p-tol)iH with BuLi, followed by air oxidation. The choice of solvent is very 
important as the intermediate anion, [(OC)5MP(p-tolhr is unstable in THF. An ideal 
solvent for these preparations is CH30CH2CH20CH3 (monoglyme) from which yields of 
68% and 76% were realized for the tungsten and molybdenum complexes, respectively. 
Reaction of (OC).M[µ-P(p-tol)2hM(C0)4 with Ph2PC=CPPh2 or trans-
Ph2PCH=CHPPh2 led to the loss of CO and formation of tetrametallic complexes, 
(OC).M[µ-P(p-tol)2hM(C0)3(µ-PPh2C=CPPh2)(0C)3M[µ-P(p-tol)2hM(C0)4 and 
(OC).M[µ-P(p-tol)2hM(C0)3(µ-trans-PPh2CH=CHPPh2)(0C)3M[µ-P(p-tol)2hM(C0)4 
in which two dimetallic units are bridged by the di tertiary phosphine. These complexes, 
which may be thought of as precursors for molecular wires, were characterized by IR, 
31P{ 1H} NMR, and cyclic voltammetry. 
... ...-
Oxidation of the tetrametallic complexes occurs in two steps indicating that 
electronic communication between the dimetallic units and through the ditertiary 
phosphine bridging ligand takes place. The difference in potential between the two steps 
was small for both tetrameric complexes, 0.12 and 0.09 volts for Ph2PC=CPPh2 and 
trans-PPh2CH=CHPPh2 complexes, respectively. Furthermore, a comparison of the 
difference in potential for P(p-tol)2 and PPh2 bridged complexes linked by PhzPC=CPPh2 
indicates that there is very little difference between the two, 0.12 and 0.11 volts, 
respectively. 
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Attempts to prepare tetrametallic complexes in which Ph2PCH2CH2PPh2 bridges 
the two dimetallic units were unsuccessful. The reaction of (OC)4W(µ-
PPh2)2W(C0)3PPh2H and (OC)4W(µ-PPh2)2W(C0)3PPh2CH=CH2 in the presence of 
base did not lead to the desired complex, but rather a mixture of (OC)4 W(µ-
PPh2h W(C0)4 and (OC)4W(µ-PPh2hW(CO)i(K2-PPh2CH2CH2PPh2). The ditertiary 
phosphine in the latter complex is present as a chelating ligand. 
Attempts were made to separate cis and trans isomers of (HPPh2)(0C)3W(µ-
PPh2h W(C0)3(PPh2H) but were unsuccessful. 
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CHAPTER I INTRODUCTION 
Binuclear transition-metal complexes have been the subject of intense recent 
research activity. These compounds find important and extensive use in the designed 
synthesis of metal clusters and in studies related to catalysis by adjacent metal sites. 1 
Binuclear transition-metal complexes can serve as models for more complex systems. 
These include fundamental studies of binuclear oxidative additions, migratory insertions, 
and reductive eliminations and should significantly aid the development and 
interpretation of polymetallic or cluster-catalyzed reactions. And the reactions of 
bimetallic compounds prove unique and useful in their own right. For these reasons, 
bimetallic systems are of considerable current interest. 2 The focus of this thesis centers 
around phosphido-bridged complexes, addition of secondary phosphines to unsaturated 
centers, and electron transfer in phosphido-bridged complexes having two or more metal 
centers. For that reason a literature survey will be presented for each topic to provide 
some historical background. 
PHOSPIDDO-BRIDGED COMPLEXES 
.. ,. 
Phosphido-bridged binuclear transition-metal complexes comprise an important 
subgroup of bimetallic compounds. Phosphido-bridged groups have the advantage of 
allowing large metal-metal bond variations that range from bonding to nonbonding 
metal-metal distances. 3 They have attracted attention with respect to their synthesis, 
structure and bonding,4-7 as well as their relevance to the chemistry of metal clusters and 
catalytic activity.8·9 Phosphido-bridged complexes are of particular interest in that the 
presence of PR2 ligands enhances the stability of binuclear systems with respect to 
dissociation to mononuclear fragments. 10 The bright red, phosphido-bridged complexes 
Eastern Illinois University Introduction 2 
Mz(OC)s(µ-PPh2)2 (M= Mo, W) were first synthesized in 1964 by reaction of M(C0)6 
and R2PPR2. The presence of a planar di-phosphido bridge linking the two metal atoms in 
these compounds was subsequently established by crystallographic studies. 11 - 13 
During more than three decades, the number of phosphido-bridged complexes, 
both homo- and heterometallic, has grown at a prodigious rate. Improved syntheses of 
phosphido-bridged complexes M2(0C)8(µ-PPh2)2 were later developed by Treichel. 14 
Keiter studied the anions [W2(C0)10PPh2L [W2(C0)9(PPh2)(PPh2H)r and 
[W2(C0)8(PPh2)z]2- that resulted from treating tetrahydrofuran solutions of 
(OC)5WPPh2H with potassium tert-butoxide (Scheme 1). The dianion reacts with 02 to 
form W2(C0)8(µ-PPh2)2. These complexes have been isolated and characterized with 31P 
NMR and IR spectroscopy. The dramatic changes in 31P chemical shifts allow diagnosis 
the presence or absence of metal-metal bonds in phosphido-bridged complexes.15 
(OC)5WPPh2H + [0-t-Buf --- [(OC)5WPPh2f + HO-t-Bu 
[ (OC)5 W (PPh2)W (C0)4PPh2Hr [(OC)5W(PPh2 )W(CO)sr 
-CO !-H' 
-PPh2H 
02 
---.1(0C)4 W(PPh2)z W(C0)4 
Scheme 1 
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Yu reported a novel and unusual product of reduction of Fe2(C0)6(µ-PPh2h. 
which serves as a convenient and useful precursor of new phosphide-bridged diiron 
complexes (Scheme 2). 16 
Ph2 
P"-./PPh2 
I/'-} (CO)JFe--Fe(CO)a 
l 
Scheme2 
Chatt and Thompson found that in an aromatic hydrocarbon solvent, reaction 
between M(C0)6(M=Cr, Mo, or W) and tetramethyldiphosphine proceeds smoothly 
under autogenous pressure, and gives all three compounds of formula Mz(C0)10(PMe2)2 
. (I) at 190°C and all three compounds of formula Mz(CO)s(µ-PMe2)z (II) at 250°C 
(Scheme 3). Moreover the compounds (I) may well be intermediates in the formation of 
(Il), as they are readily converted into (II) when heated at a higher temperature.12 
(CO)sM ~ PMe2 -PMe2 ~ M(C0)5 
(I) (II) 
Scheme3 
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The dinuclear complex [Pt2(µ-PPh2){ µ-(o-C6RiPPh2) }(PPh3)2] was prepared by 
controlled thermolysis of [Pt(C2l!i)(PPh3)2] and it contains both a diphenylphosphido and 
an ortho-metallated triphenylphosphine ligand that bridge the Pt-Pt bond. 17 
The 33-electron phosphido-bridged bimetallic cations trans- [(HPh2P)(OC)3M(µ-
PPh2)2M(C0)3(PPh2H)t(M= Mo, W) were obtained from the oxidation of trans-
(HPh2P)(OC)JM(µ-PPh2)2M(CO)J(PPh2H) by silver hexafluorophosphate. Replacing two 
carbonyl groups in (OC)4M(µ-PPh2)2M(C0)4 with two secondary phosphines increases 
the electron density of the complex and makes it more easily oxidized. 18 
The potential for producing phosphido-bridged complexes of the group 6 metals 
was explored by direct reaction of their hexacarbonyls with secondary phosphines. These 
borohydride-assisted reactions showed that secondary phosphines, under vigorous 
conditions, frequently lose hydrogen to form complexes with bridging phosphido groups. 
By controlling the M(C0)6 / PPh2H stoichiometric ratios and using a high-boiling alcohol 
( 1-butanol), good yields of phosphido-bridged products were isolated. The cis isomer of 
trans-HPh2P(OC)3M(µ-PPh2hM(C0)3PPh2H was observed for the first time. 19 
Planinic reported a new synthesis of W(C0)8(µ-PPh2h. A mixture of W(C0)6 
with a tetraazamacrocyclic ligand containing -CH2PPh2 side chains was heated in a 
Carius tube in dry n-butanol degassed with argon. Cleavage of the phosphorous-
methylene bond took place to give high yields of the target compounds. The structure of a 
new polymorph of W2(CO)s(µ-PPh2h was reported.3 
It is well known that the action of light on metal carbonyls can promote 
substitution reactions and as early as 1905 Dewar and Jones had prepared iron 
nonacarbonyl, Fe2(C0)9, by the action of light on iron pentacarbonyl. 20 Thompson 
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studied the substitution of carbonyl groups and found when a solution of dinuclear metal 
carbonyls was irradiated with visible light in the presence of trialkyl- or 
triarylphosphines, carbonyl groups situated in positions trans to metal-metal bonds were 
replaced by the phosphine but that carbonyl groups trans to phosphines or to other 
carbonyls were not attacked. When 1,2-bis(diphenylphosphino)ethane was used instead 
of the monophosphine, a number of products formed and evidence for the structures of 
these derivatives was adduced (Scheme 4).21 
en (II) 
(ill) 
Scheme4 
Mais studied the substitution of carbonyl group in the complex di-µ-
dimethylphosphidobis(tetracarbonylmolybdenum) by mono- and bidentate phosphines. 
They found that the yield of disubsituted product depended upon the solvent used. The 
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solvation effects may be more important during visible-light irradiation reactions (Table 
1).22 
Table 1. Substitution of Carbonyl Groups in {(OC)Mo[P(CH3)2]zMo(C0)4} by 
Phosphines 
Phosphine Solvent Time irradiated % Yield 
(No. equiv.) (hr.) Mono- Di-substituted 
substituted product 
product 
PPh3 (8) Benzene 120 73 
P(CJf 11)3 (2) Benzene 190 16 
PEt3 (1) Benzene 172 8 12 
PEt3 (1) Cyclohexane 148 8 8 
PEt3 (2) Benzene 226 44 
PEt3 (2) Cyclohexane 130 42 
PEt3 (2) THF 212 59 
PEt3 (2) EtOH 170 94 
Ph2P(CH2)PPh2 (1) Benzene 93 9 
Ph2P(CH2)PPh2 (1) Benzene 232 46 
Ph2P(CH2)PPh2 (1) Benzene 70 12 
Ph2P(CH2)PPh2 (1) EtOH 66 95 
Heterobimetallic systems containing both an early and a late transition metal are 
of great interest for stoichiometric and catalytic reactions. 23 Finke reported the synthesis 
of the heterobimetallic complex (C5Me5)Rh(µ-PMe2)zMo(C0)4 having a Rh-Mo bond 
Eastern Illinois University Introduction 7 
that had been both fully characterized in solution and crystallographically in the solid 
state.24 
Boni has recently developed a new synthetic approach involving group 5 terminal 
phosphido complexes Cp2Ta(CO)(µ-PMe2)M(C0)5 (M=Cr, Mo, W). The complexes 
were prepared by the reaction of the terminal phosphido complex Cp2Ta(CO)(PMe2) with 
M(CO)s(THF) (Scheme 5).25 
2a:M'=Cr 
2b :M'=Mo 
2c:M'=W 
Schemes 
Bridging phosphido ligands have generally been assumed to be relatively inert 
and strongly binding. However, some evidence shows that in some cases phosphido 
bridges are not sufficient to maintain complex integrity. Geoffroy and his co-workers 
described some definitive examples of the degradation of phosphido bridges via their 
coupling with alkyl, hydride, and carbene ligands. 26 
The influence of a metal on the chemistry of its adjacent metal in bimetallic 
complexes could be of importance for an understanding of the cooperative effect in 
binuclear complexes and clusters. Shyu studied the substitution of carbonyl ligand in 
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complex CpW(C0)2( µ-CO)( µ-PPh2)Fe(C0)3. Substitution of CO with Lewis bases was 
regiospecific on Fe. The reaction was enhanced by the adjacent W moiety through the 
metal-metal bond, which is suggested to reduce the electron density on Fe.27 
During the substitution, the metal carbonyl is thought to be activated by its 
adjacent metal to form a semibridging carbonyl through the donation of the electron from 
this electron-rich adjacent metal atom to the n* orbital of the metal. In addition, Hsiao 
and Shyu studied the substitution reaction of CpMo(C0)2(µ-PPh2)Fe(C0)4 to investigate 
whether a semibridging carbonyl ligand was a necessary structural feature in bimetallic 
carbonyl substitution enhancement. 28 
The choice of proper molecular precursors is the key step for the synthesis of 
'bottom-up' thin films with the desired composition and physico-chemical properties. 
Basato and Tondello prepared the heteronuclear complex [(C0)4Mo(µ-PMe2)2W(C0)4] 
(Scheme 6) by thermal cyclization of the linear dimer. The dimer can be decomposed to 
give thin films of mixed Mo03/W03 oxides or Mo/W alloys (some containing 
phosphorus). 
This heteronuclear complex has the following properties that make it useful for 
thin films: (i) high stability and volatility, (ii) a well-defined decomposition pattern, (iii) 
the presence of Mo and Win exact 1/1 ratio, and (iv) the presence of a stabilizing 
phosphorus species.29 
Eastern Illinois University 
[Et4N][W(C0)51] 
-Agl l +Me2PPMe2 
-NEt4BF4 +AgBF4 
[W(C0)5PMe2PMe2] 
+ 
[Mo(C0)6)-+...:..[E__.t4 ..... N.;....]l-[Et4N][Mo(C0)5l] 
-CO 
Scheme6 
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For some heterobimetallic phosphido-bridged complexes (e.g. Felr(µ-
PPh2)(CO)x(PPh3)2, (C0)3(PPh3)Fe(µ-Pcy2)Rh(PPh3)(CO)), the metal-metal bond can be 
considered as a donor-acceptor bond. When the metal-metal bond opens, an empty site is 
contributed to the metal where the dative metal-metal bond was originally coordinated. 
Thus, the dative metal-metal bond acts as a directional switch. The bimetallic complex 
with a dative Mo-W bond CpW(C0)2(µ-PPh2)Mo(CO)s was synthesized, and the 
addition reaction of the complex toward different Lewis bases was studied. Shyu found 
that the addition did not occur at the W atom, as expected, but proceeded 
stereospecifically and regiospecifically at the Mo atom with the base occupying the 
position cis to the phosphido bridge.30 
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Shyu was concerned with the reduction chemistry of M2(CO)s(PPh2)2 and with 
the behavior of resultant binuclear anions. The complexes were prepared by a modified 
procedure of Treichel in which the appropriate M(CO)s(PPh2H) in THF was deprotonated 
with n-BuLi and the resulting mixture was first refluxed and then treated with 0 2. This 
modification can be conveniently applied to large scale (tens of grams) syntheses with 
yields essentially comparable to those reported by Treichel.31 In early works, Braterman 
and Thompson used combination spectra of phosphido- and sulphur-bridged binuclear 
metal carbonyls in solution to assess symmetry and furnished evidence for metal-metal 
bonding.32 
Dessy and co-workers reported that Fe2(C0)6(µ-PMe2)2 undergoes a two-electron 
electrochemical reduction to [Fe2(C0)6(µ-PMe2)zf, which was characterized 
spectroscopically.33·34 Later, Collman 35reduced the related Fe2(C0)6(µ-PPh2h to 
[Fe2(C0)6(µ-PPh2h ]2- by using Na dispersion in THF. Yu found16 that [Fe2(C0)6(µ-
PPh2)2 ]2- results also when Fe2(C0)6(µ-PPh2h interacts with Na/Hg, LiAl~, or 
Na[AlH2(0C-H2CH20CH3)2] in THF. Kreter and Meek 36studied the homo- and 
heterometal complexes with R2P and R2PCH2CH2PPh ligands. They reported the 
syntheses, 31P NMR, and structural results obtained from several diphenylphosphido-
bridged dirhodium and two diiridium complexes of 1,5-cyclooctadiene, chelating 
diphenylphosphines and monodentate phosphines. 
Basato found that di-µ-diethylphosphido(tetracarbonylmolybdenum) (Mo-Mo) 
undergoes reversible carbonyl substitution with phosphorus ligands in decalin, giving 
[(OC)Mo(µ-PEt2)2Mo(C0)3L] [L= P(OEt)3, PMe2Ph, PBun3, PMePh2, PH(C6H11h, 
PPh3, or PPh2(C6H11)] (Scheme 7). Both the forward and reverse reactions occur by a 
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dissociative mechanism involving the reactive intermediate, which has a co-ordinatively 
unsaturated six-coordinate molybdenum atom. The reactivity towards substitution 
depends on the relative rates of CO dissociation, k 1, and on the phosphorus ligand, k2.37 
[(OC)4Mo(u-PEt2)iMo(CO)J] +CO 
k2 
[(OC)4Mo(u-PEt2)iMo(CO)J] + L::::::;;::=~~ 
k_2 
[(OC)4Mo(u-PEt2)iMo(CO)JL] 
1 + (k.1[CO]/K-i[L]) 1 + (k_2[L]/k_1[CO]) 
Scheme7 
Phosphido-bridged transition-metal complexes of the type [(CO)~(µ-
PR2)h(M=V, Cr, Mo, W, Mn) have been investigated by means of gas-phase ultraviolet 
(UV)-photoelectron (PE) spectroscopy and by first-principle DV-Xa quantum mechanical 
calculations. 38 The attention was focused on the variation of the metal-metal bond 
multiplicity along the series and on the changes in the whole electronic structure, with 
particular emphasis on the metal-bridge interactions. The UV-PE data and the theoretical 
results both demonstrate the existence of through-space interactions between the 
phosphorus bridging atoms, maximized in the Mn complex where the P-P distance takes 
the minimum value. Shaik also analyzed the theoretical structure of bridged and 
unbridged M2L10 complexes.39 
An NMR study of a series of bi-µ-phosphidimetallic species has demonstrated 
that a large increase in ]pP' occurs upon reduction to the singlet-state dianion. These 
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increases are attributed to an increase of the metal-metal distance and a marked decrease 
in the P-P' distance. In several systems where a dihedral angle exists between the basal 
planes of the pseudooctahedrally coordinated metal atom sites, a bent metal-metal bond 
has been proposed. The inversion frequency of the fluxional molecules is increased upon 
reduction. Activation parameters are reported. 40 
The bridging phosphido complexes Fe2(C0)6(µ-PPh2)z and Fe2(N0)4(µ-PPh2)2 
are chemically reduced either with cleavage of the Fe-Fe bond to give [Fe2(C0)6(µ-
PPh2)2f- and [Fe2(N0)4(µ-PPh2)2]2- or with scission of one of the Fe-P bonds and the 
formation of Fe-PPh2H.41 ' 42 Shyu extended these studies to M1(CO)s(µ-PPh2)2 (M =Mo, 
W) and found a behavior that essentially parallels that of the foregoing Fe complexes, 
albeit with some important differences. 43 
Ph2 
/p"' 
(C0)4M--M(C0)4 
'\,.p/ 
Ph2 
~ 
j M'BR3H (1 equiv) 
3H= 1H 
- 2 J.- gl H= H 
CF3COOH 
(1 equiv) 
M=Mo,W 
Schemes 
Ph2 2-
/p"' 
(C0)4hlc~ /M(2)(C0)4 
p 
Ph2 
~ 
cis-M(COMPPh2H) 
+M(C0)5(PPh2H) 
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VINYL ADDITION REACTIONS 
The base catalyzed addition of secondary phosphines to activated carbon-carbon 
multiple bonds (hydrophosphination) is an efficient, established pathway for preparing 
chelating tertiary diphosphines which are very important in coordination and 
organometallic chemistry and in associated areas of catalysis.44 A variety of examples of 
hydrophosphination of secondary phosphines are known.45-52 Such reactions may provide 
an efficient route for the syntheses of unsymmetrical rigid, chelating diphosphine ligands, 
which have potential applications in the rich prolific area of asymmetric catalysis.53 
The reaction 54of W(C0)5PPh2H with PPh2CH=CH2 in the presence of base was 
results from the cyclization of cis-[W(C0)4(PPh2CH=CH2) (PPh2)r supporting initial 
[W(C0)5PPh2r formation and subsequent CO labilization. The reactions between 
Fe(C0)5-n(PPh2CH=CH2)n and PPh2H were also reported (Scheme 10).55 
base 
Scheme9 
base Fe(CO)s-n(PPh2CH=CHz)n ----1 
Scheme 10 
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Maitra reported that the reaction of the secondary phosphole complex 
OD (HDBP)Mo(C0)5 (HDBP = ~ ~ # ), with the phosphino alkyne complex, 
(HC=CCH2DBP)Mo(C0)5 gives the chelate complex cis-
[DBPCH=C(CH3)DBP]Mo(C0)4. 56 
The reactions of 2a with the secondary phosphine complex (HPh2P)Mo(CO)s, 
performed under different reaction conditions, produced either complexes 4 and 5 
(Scheme 11) or complex 5 along with other products (Scheme 12). 
(HPh2P)Mo(C0)5 + (HC===cCH2PPh2)Mo(CO)s -------1~ 
1 2a reflux THF 
co 
oc-.. I .--co 
Mo 
oc/ 1 '-...co 
~~x 
PPh2 
oc-.. I .--co 
Mo 
oc/ I '-...co 
co 
3 
+ 
1 + 2a 
3 + 5 + 
co 
oc-.. I .--co 
Mo 
oc/ I '-...co 
Ph2P. 
PPh2 
oc-.. I __-co 
Mo 
oc/ I '-...co 
co 
4 5 
Scheme 11 
KOBu1 
reflux diglyme 
Ph2Pd 
oc--.. I --PPh2 
Mo 
oc_......-1 ~P 
CO Ph2 
7 
co co I HPh" I OC-....._ ....-::P-:.. --CO 
+ Mo Mo 
oc _......- I ~P-- I "-...co 
CO HPh2 CO 
8 
Scheme 12 
6 
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The thermally induced elimination of Mo(C0)6 from complex 4, under forcing 
conditions, produces a mixture of complex 5 and its isomer 6. Under different reaction 
conditions the tricarbonyl triphosphine complex 7 and the bridged phosphido complex 8, 
as by-products were also isolated. 
MOLECULAR WIRES 
Molecular electronics has recently attracted much attention because of its potential 
application in future computational systems. Molecular wires and related engineered 
structures offer an increased versatility in device design. As molecular wires, the 
following conditions must be satisfied: 57 
1. The starting monomeric building block should be electron rich. 
2. The monomer and subsequent oligomers must be capable of electron transfer. 
3. The polymer must be capable of selective oxidation to create holes for conduction 
yet it must be robust toward global oxidation. 
4. The synthesis must be controllable. 
5. Wires should be insulated from one another and the environment to prevent 
external oxidation and electron hopping between the molecules 
Organic molecules that have a high degree of conjugation are potentially capable 
of conducting electricity and have received much attention in recent years. Many 
conjugated organic polymers have been prepared and their potential application as 
molecular wires has already been recognized by the electronics industry. 58 
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For the reasons of stabilization and diversity, most recently, the use of 
organometallic building blocks as end-capping groups offers fascinating perspectives for 
Cx moieties. Many groups worldwide are working on this problem. Considerable 
attention has been given recently to molecules containing highly conjugated 
organometallic systems, especially those with multiple electroactive centers joined by a 
conjugated assembly. These compounds are of interest for their potential application in 
the construction of molecular scale electronic devices or in the manifestation of 
advantageous bulk properties such as catalytic activity, large nonlinear optical responses, 
magnetism, and electron transfer. 59- 70 
Gladysz and co-workers have done a lot of work on the syntheses and properties 
of molecular wires. One such compound is C4 complex (1), which can be oxidized easily 
to a radical (1 +) cation and a dication (12+). IR and ESR spectra show the complete 
delocalization of the odd electron between two rhenium atoms, and therefore charge and 
electron transfer between the two metal termini through the carbon bridge .71 
A complex with a chain as long as 20 carbons was also isolated (Scheme 13). 
In addition to this homobimetallic family, they also isolated and characterized the 
corresponding heterobimetallic complex analogues, ReC~e, at various oxidation states.72 
The odd electron in the radical cation, [ReC~et, is delocalized between the 
endgroups. Both strong electronic and magnetic interactions were found between remote 
unpaired spins on the rhenium and iron endgroups. Furthermore, they also designed and 
isolated carbon chain complexes with platinum endgroups. A synthetic route is shown in 
Scheme 14. 73 
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Scheme 13. ReC4Re and ReC20Re Complexes 
The basic principles of molecular electronics are long-range electronic and 
magnetic communications among metallic centers, and the ability to control such 
interactions is of practical and theoretical importance. The chemical approach of these 
domains is the study of complexes with mixed valence in which the two chemically 
equivalent metal fragments are bridged by unsaturated and conjugated ligands. One-
dimensional carbon-chains, LnMCxM'L'n· (I) (Scheme 15), have gained much interest .75 
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Scheme 14. Synthesis of the PtCxPt Complex 
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Coat and Lapinte 75 isolated several species with C4 bridges and reported several 
complexes with Cs, C6 and Cs chains. They also reported the synthesis and the redox and 
preliminary spectroscopic properties of the first mixed-valence radical cation containing a 
Cs chain (Scheme 16). The cyclic voltammagram of the complex establishes that the Cs 
chain acts as a molecular wire connecting the two electron rich organoiron centers. The 
properties of the carbon chain are strongly related to the organometallic termini. 
¥:. .. 1 / .. MesSl-CJ..i / ' 
/, -1 THF.-ac·1<>:l<J--c /F,tJ-c==c-c==:c-siMe3 
co : 1 co: 2 
co co ! /TY,dppe 
. 
' 
-
-c==:c-c=:c-s1M93 
/~ 3 p 1 
\....__....P 
ITHF,"Bu4NF )7J{_ t 
~Fe-c===:c-c=c-H 
/: 4 ~ l~(OAo~ (yridlne,"bBU 
~-c==c-c==c-c==c-c==c~~ 
'_/t I"" 
........ : 5 Ip ~P 36-e, Fe(H)-Fe{ll) ~ ___/ 
~(CP2Fe)(PF5) ~ ~,,,-- ....... " /.., .. \ ~-c==c-c:=c-c===:c-c==c-~~ ~F6l 
/, : p U 6 35-e, Fe(ll)-Fe(lll} f>__/ 
Scheme 16 
One problem encountered during the synthesis of molecular wires is with the 
chain length increasing, the synthesis becomes more and more difficult, especially with 
electron-rich termini. For this reason, Stand 76synthesized new compounds incorporating 
cyclic groups chosen among the various n-conjugated systems developed during the past 
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decade. Thiophene and poly(thiophene) derivatives seem to present a blend of these 
properties (Scheme 17). In comparison with the -C8-spacer, the synthesis is greatly 
facilitated and the electron conduction at the molecular level is apparently not affected. It 
appears that the presence of the CJf2S group in the linear spacer gives more appropriate 
molecular arrangements in the solid state for efficient intramolecular electron transfer. 
Scheme 17 
Dembinski prepared ReC~e, ReC~e, ReCsRe and compared the effect of length of 
carbon chain on the electrochemical properties. 77 
Dimetallic complexes bridged by unsaturated phosphorus ligands are also known. 
Bruce reported78 the synthesis of [ {Ru3(C0)11 h(µ-dppa)] under mild conditions and its 
subsequent thermal rearrangement to give [Rus(µ3-f1 2-C2PPh2-P)( µ-PPh2)(C0)13] 
(Scheme 18). The electrochemical property has not been investigated. 
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Scheme 18 
Belanzoni 79studied the electronic and geometrical structures of a Cx bridged 
dinuclear complex and developed a simple molecular orbital model, which allows the 
prediction of the valence formulation in these dinuclear complexes. 
Compounds with two carbon chains are very common. One contributing factor is 
that chains assembled solely from (C=C)y building blocks are restricted to even numbers 
of carbons. Thus, more sophisticated synthetic strategies are required. Tamas Bartik80 
synthesized new forms of coordinated carbon: wirelike cumulenic C3 and Cs sp carbon 
chains that span two different transition metals and mediate charge transfer. 
Odd carbon chains, which possess unique electronic characteristics, remain 
conspicuously underrepresented. One factor contributing to this gerade/ungerade 
imbalance is that chains assembled solely by coupling readily available C=C building 
blocks must contain even numbers of carbons. Odd carbon chains require a different 
synthetic approach.81 
Eastern Illinois University Introduction 22 
In order to isolate the molecular wire from the environment, Gladysz's research 
group 82 discovered a surprising new class of double-helical molecules that can be 
accessed by two routes (Scheme 19). A "directed synthesis" employed a series of 
organometallic reactions, including an alkene metathesis step using a ruthenium catalyst. 
Then, in a self-assembly process, a Pt(C=C)xPt complex was treated with diphosphines 
[(ArhP(CH2)1J>(Arh, where Ar= aryl]. The resulting molecules are unique in that there 
are no covalent or hydrogen bonds between the double-helix strands. There are only van 
der Waals attractions between the strands. It can be expected that these wirelike 
assemblies, insulated similarly to shrink-wrapped electrical cord, can be extended to a 
variety of redox-active endgroups with various coordination geometries. 
DOUBLE HELIX 
TWo math~n• cl'talns wind 
around llnffr tetr•rne bridge 
F F*F F F 
ICi.H~2P- ?t-PIC&H!]z 
\) 
Scheme 19 
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PROPOSED WORK 
Phosphido-bridged complexes have not been used for end groups in molecular 
wires but they show promise because they can be oxidized or reduced to form stable ions. 
The primary goal of this research has been to prepare doubly bridged 
ditolylphosphido carbonyl complexes of molybdenum and tungsten, and link these 
dimetallic units with PhiPC=CPPh2 and trans-Ph2PCH=CHPPh2 bridges. The resulting 
tetrametallic complexes were to be examined with cyclic voltammetry to assess 
electronic communication between the dimetallic units. A comparison of new results with 
those previously obtained in this research group for diphenylphosphido complexes will 
be made. 
We are interested in the following reactions: 
1. Synthesis of (OC)M[µ-P(p-tolyl}i]M (C0)4 (M= Mo, W) 
Dinuclear organometallic complexes with different phosphido bridges have been 
reported, but not group 6 complexes (Mo, or W) with di(p-tolyl)phosphido bridges. Di(p-
tolyl)phosphine is more electron rich than diphenylphosphine so dimetallic complexes 
with di(p-tolyl)phosphido bridges are expected to be more electron rich than those of 
analogous complexes with diphenylphosphido bridges. There are several routes that have 
been reported for the synthesis of similar complexes. Considering the separation of the 
product and the scale of the reaction, a modified procedure of Treichel was used. 33 
For their special properties, organometallic complexes are used in the synthesis of 
molecular wires. Most orgamometallic complexes used for molecular wires have 
monometallic complexes as end groups. Dinuclear phosphido-bridged complexes can be 
oxidized or reduced to form stable anions. 
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2. Reactions of (OC)M2[µ-P(p-tolyl)2]M2(C0)4 (M= Mo, W) and DPPA or 
DPPE 
Due to their rigid backbones, bis( diphenylphosphino )acetylene (DPP A) and trans-
1,2-bis(diphenylphosphino)ethylene (DPPE) have restricted lone pair orientation and 
represent simple n conjugated ligands. The unique bridging properties of these two 
ligands and their apparent capacity to accept back donation from a metal atom suggests 
that reactions with metal carbonyl derivatives might lead to a series of interesting new 
binuclear diphosphido-bridged substitution products. 
In this work we are interested in reaction between (OC)M2[µ-P(p-
tolyl)2]M2(C0)4 (M= Mo, W) and DPPA or DPPE, and the electrochemical properties of 
the product to demonstrate their potentials as building blocks for molecular wires. 
W2(C0)8[P(p-tolhh + DPPA 
W 2(C0)8[P(p-tol)ih + DPPE +2CO 
Scheme20 
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3. Complexes with non-conjugated bridges 
It was of interest to bridge the phosphido-bridged units with a di phosphine that 
does not contain C-C double or triple bonds. Direct reaction of Ph2PCH2CH2PPh2 with 
(OC)M(µ-PR2)M(C0)4 gives only chelated product. Therefore, our approach was to 
obtain the desired complex by vinyl addition reactions. We are interested in the reaction 
between a secondary phosphine coordinated to a transition metal dimer and a 
phosphinoalkene coordinated to another transition metal dimer. In particular, the 
transition metal dimers could be diphenylphosphido- or ditolylphosphido bridged species 
as shown in Scheme 21. 
+ 
R = Ph, (p-tol) il 
R = Ph, (p-tol) 
Scheme21 
4. Isolation of cis- HPh:zP(OChM(µ-PPh2hM(C0)3PPh2H dimer. 
As mentioned on page 4, cis- HPh2P(OC)3W(µ-PPh2)2W(C0)3PPh2H has been 
observed but not isolated. As a minor part of this research, attempts were made to isolate 
this species. It was originally observed in a mixture that resulted from a reaction between 
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NaBHi, PPh2H and W(C0)6 in 1-butanol. Later our research group found that a mixture 
of trans and cis dimers are obtained (1:1) if (OC)4W(µ-PPh2)2W(C0)4 reacts directly with 
PPh2H. Furthermore, some evidence existed suggesting that the pure trans dimer slowly 
converts to the cis dimer. The work was not reproducible. However, as part of this project 
we have made attempts to induce isomerization with light, with base, and with free 
radicals. 
In this work we have tried several ways to stimulate isomerzation (Scheme 22) and to 
separate isomers to give pure cis-HPh2P(OC)3W(µ-PPh2)zW(C0)3PPh2H. 
trans cis 
Scheme22 
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Chapter II Experimental Section 
All reactions were carried out under a nitrogen atmosphere. Work-ups were 
performed in air. Tetrahydrofuran (THF) was dried with sodium metal in the presence of 
benzophenone and was freshly distilled under N2 before use. The starting materials were 
obtained from commercial suppliers and used without purification. 
The infrared spectra of the carbonyl groups were obtained with a Nicolet 20 DXB 
Ff spectrometer. Dichloromethane and chloroform were used as solvents. The instrument 
used for the 31P{ 1H} nuclear magnetic resonance spectroscopy (NMR) was a General 
Electric QE-300 spectrometer. Phosphoric acid (85%) was used as an external reference. 
Elemental analyses were carried out by the microanalytical laboratory at the University of 
Illinois at Urbana-Champaign. Electrochemical measurements were carried out using a 
PAR 263 A and software. Cyclic voltammagrams were obtained using a platinum 
working electrode, a platinum auxiliary electrode, and a silver wire reference electrode. 
The solvent used for the electrochemistry was CH2Ch and the supporting electrolyte was 
0.1 M tetrabutylammonium hexafluorophosphat~.TBAH. Ferrocene was used as an 
internal reference. 
Part I Synthesis of (OC)4M[µ-P(p-tolhhM(C0)4 (M= Mo, W) 
1. Preparation of (0C)5W(NH2Ph) 84 
A solution of 7.94 g (22.6 mmol) ofW(C0)6, 8.00 mL (87.8mmol) of PhNH2 and 
300 mL of dry THF was irradiated with UV light for 17 hours under Nz. Upon cooling, 
the solvent was removed with a rotary evaporator to give a slightly thick yellow mixture. 
Deionized water and dilute HCl were added slowly to cause a yellow precipitate to form. 
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After filtration, a green-yellow solid was obtained. The product was sublimed under 
continuous vacuum for 24 hours at 40 °C to remove any unreacted W(C0)6. After 
sublimation, 8.71g(yield92.4%) of product was obtained. IR [v(CO), (CH2Ch)]: 2075 
cm-1 (vw), 1930 cm-1 (vs), Figure 1. 
2. Preparation of P(p-tolylh 85 
A solution of 100 mL of p-bromotoluene (0.813 mol) dissolved into 200 mL of 
anhydrous ethyl ether was added dropwise into a mixture of magnesium turnings (19.8 g, 
0.813 mol) and 200 mL of EtiO in a 1000 mL three-necked round bottom flask equipped 
with a condenser, a N2 inlet, and a dropping funnel. A few drops of 1,2-dibromoethane, 
BrCH2CH2Br, were added to initiate the reaction. The magnesium turnings were crushed 
in the anhydrous ethyl ether to obtain a fresh surface prior to addition. The reaction began 
after the solution was heated. The rate of refluxing of the reaction was easily controlled 
with a cold-water bath. The ether solution of CH3C6HJ3r was added under N2 over the 
course of two hours and stirred for an addition of 3 hours. At this point there was a little 
fine Mg left in the solution and the color of the solution had changed from yellow to dark 
brown. 
A solution of PCh (24.1 mL, 0.229 mol) dissolved into 200 mL of anhydrous 
EtiO was added in drops over the course of 4 hours to the Grignard solution prepared as 
above and cooled with an ice - water bath. A yellow solid appeared with the addition of 
the PCb solution. The resulting mixture was hydrolyzed with a highly concentrated 
~Cl solution and filtered to remove the solid; the organic layer was separated and 
dried with anhydrous MgS04 overnight, and then filtered. Some of the solvent was 
removed by rotary evaporation. Recrystallization from CH2Ch/CH30H at - 5 °C gave 
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48.5 g (yield 58.8%) of white-yellow crystals. 31P{ 1H} NMR (CDCIJ), 8p= -7.5 ppm, 
Figure 2. 
3. Synthesis of P(p-tolyl)zH 86 
In a 250 mL three-necked round bottom flask equipped with a condenser, N1 inlet 
and dropping funnel, 1.11 g (0.160 mol) of granular lithium was added to a rapidly-
stirred solution of 24.3 g (0. 0800 mol) P(p-tol)3 dissolved into 200 mL of dry THF. The 
dark brown solution was stirred under N2 for 30 hours. Then 3.6 mL of oxygen-free water 
was added and the brown solution became pale and turned to light yellow. After removal 
of some solvent by vacuum, the remaining solution was distilled under vacuum to give 
9.13 g (yield 53.0%) of colorless liquid. 31P{1H} NMR: 8p = -42.2 ppm, Figure 3. 
4. Synthesis of W(C0)5P(p-tolyl)zH 87 
Under N1, 0.513 g (0.470 mL) of P(p-tol)iH was added dropwise via syringe into 
a solution of 0.992 g (2.40 mmol) (OC)s W(NH2Ph) dissolved in 25 mL of toluene in a 
100 mL side-necked flask. The yellow and green solution was stirred at room temperature 
overnight. The solvent was removed by vacuum and a green slime remained. 
Recrystallization with CH2C}i/CH30H at- 5 °C gave 0.541g(yield43.7%) of gray 
crystals. The reaction was repeated: 2.67 g (yield 74.0%). 31P{1H} NMR: Bp = -15.7 
ppm, 11w-p = 228.7 Hz, Figure 4. IR [v(CO), (CH2Cli)]: 2071 cm-1 (s), 1938 cm-1 (vs), 
Figure 5. 
5. Synthesis of W(C0)5PPh2H 88 
Under N2, 3.20 mL (18.4 mmol) of PPh2H was added dropwise via syringe into a 
solution of 7.70 g (18.4 mmol) (OC)5W(NH2Ph) dissolved into 140 mL of toluene in a 
250 mL side-necked flask. The yellow and green solution was stirred at room temperature 
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for 36 hours. The solvent was removed by vacuum and a green slime remained. 
Recrystallization with CH2C}z/CH30H at- 5 °C gave 9.42 g (yield 86.6%) of gray 
crystals. 31P{1H} NMR: 8p = - 13.1ppm, 1lw-p = 233.3 Hz, Figure 6. IR [v(CO), 
(CH2Clz)]: 2074 cm-1 (s), 1943 cm-1 (vs), Figure 7. 
6. Preparation of (OC)5Cr(NH2Ph) 89 
A mixture of 6.03 g (14.0 mmol) Cr (C0)6, 10.0 mL (54.9 mmol) of PhNH2 and 
250 mL of dry THF, was irradiated with UV light for 16 hours. The solvent was removed 
from the yellow solution with a rotary evaporator to give a slightly thick yellow residue. 
Addition of 50 mL of distilled H20 followed by slow addition of dilute HCl caused 
coagulation to a green/ yellow solid. The mixture was washed with deionized water. 
After filtration, a green/white solid was obtained. The solid was sublimed under 
continuous vacuum for 24 hours at 40 °C to remove unreacted Cr(C0)6. After 
sublimation, 4.52 g (yield 57.8%) green yellow solid was obtained. IR [v(CO), 
(CH2Clz)]: 2070 cm-1 (vw), 1935 cm-1 (s), Figure 8. 
7. Preparation of (0C)5CrP(p-tolylhH 90 
In a 200 mL side-necked flask, 4.47 g (15.7 mmol) of (OC)sCr(NH2Ph) in 150 
mL of toluene were stirred until all (OC)sCr(NH2Ph) dissolved. Under Nz, 3.09 mL (15.7 
mmol) P(p-tol)2H was added via syringe to give a dark green solution, which was stirred 
at room temperature for 20 hours. The solvent was removed on the vacuum line and 
recrystallized with CH2Clz/CH30H at -5 °C. After filtration, 4.16 g (yield 65.3%) of gray 
white crystals were obtained. 31P{ 1H} NMR: 8p = 30.9 ppm, Figure 9. IR [v(CO), 
(CH2Clz)]: 2065 cm-1 (m), 1941cm-1 (vs), Figure 10. 
Eastern Illinois University Experimental Section - 31 -
8. Preparation of (0C)5MoP(p-tolylhH 90 
In a 250 mL side-necked flask, a mixture of 4.00 g (15.2 mrnol) Mo(C0)6 in 100 
mL of deoxygenated monoglyme was refluxed under N2 for 30 minutes. To the light 
yellow solution was added via syringe 3.00 mL (15.2 mmol) of P(p-tol)2H. This solution 
was refluxed for 6 hours, cooled to room temperature and then the solvent was removed 
with a vacuum line. After recrystallization from CH2Clz/CH30H and sublimation under 
vacuum at 53°C to remove unreacted Mo(C0)6, 3.42 g (yield 50.6%) of gray white 
crystals were obtained. 31P{ 1H} NMR: Op= 4.7 ppm, Figure 11. IR [v(CO), (CH2Ch)]: 
2072 cm-1 (s); 1946 cm-1 (vs), Figure 12. 
9. Preparation of (0C)5MoPP2H 91 
In a 250 mL side-necked flask, a mixture of 14.0 g (53.0 mrnol) Mo(C0)6 in 80 
mL deoxygenated monoglyme was refluxed under N2 for 30 minutes. To the light yellow 
solution was added via syringe 10.0 mL (53.0 mrnol) of PPh2H. This solution was 
refluxed for 10 hours, cooled to room temperature, and then the solvent was removed 
with a vacuum line. After recrystallization with CH2Clz/CH30H at - 5 °C and 
sublimation under vacuum at 53 °C to remove unreacted Mo(C0)6, 19.5 g (yield 87.0%) 
of gray white solid was obtained. 31P{1H} NMR: op= 7.2 ppm, Figure 13. IR [v(CO), 
(CH2Ch)]: 2072 cm-\s); 1942 cm-1 (vs), Figure 14. 
10. Attempted preparation of (0C)4W[µ-P(p-tolylhhW(C0)4 (THF) 
To a 100 mL side-necked flask, 1.00 g (1.86 mrnol) of (OC)s WP(p-tol)2H, 
dissolved into 50 mL of dry THF under N2, was added 1.2 mL (1.9 mrnol) of 1.6 M BuLi 
solution. The colorless solution changed to orange red. Refluxing the solution under N2 
overnight caused the color of the solution to change from orange red to light yellow. The 
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solution was cooled to room temperature and stirred in the air for 10 hours. The solution 
looked muddy in appearance. The color was still light yellow after 13 hours. The mixture 
was stirred for an additional 24 hours, but the color did not change. After filtration, a 
white gray solid was obtained; it did not dissolve in CH2Ch but easily dissolved in 
CH30H. The red filtrate gave a dark brown viscous solid after the solvent was removed. 
No phosphorus signals were found in the 31P{ 1H} spectrum of this product. 
The reaction was repeated several times; the results were the same. 
11. Preparation of (OC)4 W[µ-P(p-tolylhh W(C0)4 (distilled hexane) 
To a 50 mL side-necked flask, 0.986 g (l.86 mmol) of (OC)sWP(p-tolhH 
dissolved into 30 mL of fresh distilled hexane was added 1.2 mL (1.9 mmol) of 1.6 M 
BuLi solution. A yellow precipitate appeared immediately. The mixture was refluxed 
under nitrogen for 24 hours, then exposed to air and stirred overnight. The mixture 
changed to a reddish brown color. After filtration, 0.430 g of red brown solid was 
obtained. Recrystallization of the solid with CH2Ch /CH30H at -5 °C gave 0.02 g of red 
crystals. The product was identified as a mixture of (OC)4 W[µ-P(p-tol)2h W(C0)4 , 
O=P(p-tol)i, (OC)sWP(p-tol)2H and [(OC)5WP(p-tol)2W(C0)5r. 31P{1H} NMR: op= 
180.0 ppm c1Iw-p = 161.8 Hz), Op= 22.9 ppm, Op= -15.5 ppm, Op= -66.2 ppm, Figure 
15. IR [v(CO), (CH2C}z)]: 2029 cm-1(s), 1943 cm-1(s), Figure 16. 
12. Preparation of (0C)4 W{µ-P(p-tolyl)zh W(C0)4 (cyclohexane) 
To a 250 mL side-necked flask, 2.64 g ( 4.90 mmol) (OC)s WP(p-tol)2H dissolved 
into 80 mL of freshly dried cyclohexane, was added via syringe 3.10 mL 1.6 M (5.0 
mmol) of BuLi solution. Upon adding BuLi, the colorless solution changed to red and 
then a yellow precipitate appeared. The yellow mixture was refluxed under N2 for 20 
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hours, cooled to room temperature and exposed to air with stirring for 20 hours. The 
solvent was removed with a vacuum line to give a red brown slime. After 
recrystallization from CH2Ch/CH30H at -5 °C, a mixture (0.85 g) of red solid and white 
crystals (starting materials) was obtained. 
The reaction was repeated with dry toluene as solvent, the same mixture was 
obtained. IR [v(CO), (CH2Clz)]: 2073 cm"1(s); 2029 cm·1 (m); 1940 cm·1 (vs), Figure 17. 
13. Preparation of (OC)4W[µ-P(p-tolylhhW(C0)4 (ethyl ether) 
To a 50 mL side-necked flask, 0.50 g (0.93 mmol) of (OC)s WP(p-tolyl)2H 
dissolved into 20 mL anhydrous ethyl ether under nitrogen was added 0.58 mL (0.93 
mmol) of 1.6 M BuLi solution. The colorless solution turned orange yellow and a yellow 
precipitate appeared very quickly. The mixture was stirred under nitrogen for 3 hours 
with no color change. Exposure to air for twenty minutes caused the color of the 
precipitate to change to reddish brown. The reddish brown mixture was filtered 40 
minutes later to give 0.06 g of red solid. The filtrate was nearly colorless. 31P{ 1H} NMR: 
Op= 180.0 ppm, 1lw-p =161.8 Hz, Figure 18. IR [v(CO), (CH2Ch)]: 2029 cm-1(s), 1956 
cm-1(s), Figure 19. 
14. Attempted preparation of (0C)4 W[µ-P(p-tolylhl2 W(C0)4 from W(CO),, P(p-
tolhH and NaB~ 19 
To a 50 mL side-necked flask, a slurry of 1.00 g (2.84 mmol) of W(C0)6 and 
0.54 g (14 mmol) of NaB~ were dissolved in 20 mL of 1-butanol and refluxed under Nz. 
Over approximately IO minutes, the color changed to orange yellow. To this mixture was 
added 1.00 mL (5.11 mmol) of P(p-tol)zH and then the solution was refluxed for 9 hours. 
The reddish brown solution was cooled to room temperature, then filtered and washed 
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with methanol to remove unreacted NaBf4. Pink solid (0.30 g) was obtained. 
Recrystallization with CH2Clz /CH30H at - 5 °C gave 0.20 g of white yellow crystals. 
The product was shown to befac-(OC)3W[P(p-tol)2h. 31P{1H} NMR: 8p = 4.6 ppm, 1lw-p 
= 216.7 Hz, Figure 20. IR [v(CO), (CH2C}z)]: 1938 cm-1, 1844 cm-1, Figure 21. 
15. Preparation of (OC)4 W[µ-P(p-tolylhh W(C0)4 (monoglyme) 
To a 250 mL side-necked flask, 9.83 g (18.3 mmol) of (OC)5WP(p-tol)2H 
dissolved into 50 mL of monoglyme under nitrogen was added 11.4 mL (18.2 mmol) of 
1.6 M BuLi solution. The colorless solution turned red immediately, after refluxing for 
one hour a yellow precipitate appeared. The mixture was refluxed for an additional 18 
hours. Exposure to air overnight caused the color of the precipitate change to reddish 
brown. The reddish brown mixture was filtered and washed with methanol, then water. 
After drying with a vacuum line, 4.30 g (yield 46.2%) of red solid was obtained. 
The reaction was repeated with 18.30 g of (OC)sWP(p-tolyl)2H andll.80 g (yield 
68.0%) of product was obtained. · 
IR and NMR spectra were the same as those from reaction 13 (Figure 18,19). 
Anal. Calcd for C36H2sOsP2W2: C, 42.47; H, 2.75. Found: C, 42.27, H, 2.38. 
16. Preparation of (0C)4 W[µ-PPh2h W(C0)4 (THF') 19 
In a 250 mL side-necked flask, 16.6 g (32.6 mmol) of (OC)sWPPh2H, 100 mL of 
dry THF and 20.3 ml 1.6 M BuLi solution (33 mmol) were refluxed under Nz for 18 
hours. The solution changed to red very quickly and a few minutes later an orange yellow 
precipitate appeared. The reaction was cooled to room temperature and exposed to air 
overnight. After filtering and washing_ with methanol, 3.92 g (yield 25.0%) of red solid 
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was obtained. 31P{1H} NMR: 8p = 181.3 ppm 1Jw-p =164.0 Hz, Figure 22. IR [v(CO), 
(CH2Ch)]: 2031 cm-1 (vs); 1958 cm-1 (vs), Figure 23. 
17. Preparation of (OC)Mo[µ-P(p-tolyl)zhMo(C0)4 (ethyl ether) 
To a 250 mL side-necked flask, 2.37 g (5.26 mmol) of (OC)sMoP(p-tolyl)zH 
dissolved under N2 in 20 mL of anhydrous ethyl ether was added via syringe 3.28 ml (5.3 
mmol) of 1.6 M BuLi solution. The solution changed to red very quickly and a few 
minutes later a yellow precipitate appeared. The yellow mixture was stirred under N2 for 
9 hours, exposed to air and stirred for another 10 hours. The yellow precipitate changed 
to red. After filtration and washing with methanol, 1.05 g (Yield 47 .2%) of orange red 
solid was obtained. 31P{ 1H} NMR: 8p = 232.0 ppm, Figure 24. IR [v(CO), (CH2Clz)]: 
2031 cm-1 (vs); 1963 cm-1 (vs), Figure 25. 
18. Preparation of (0C)Mo[µ-P(p-tolylhhMo(C0)4 (monoglyme) 
In a 100 mL side-necked flask, 1.00 g (2.22mmol) of (OC)sMoP(p-tolyl)zH, 20 
mL of monoglyme and 1.40 ml 1.6 M BuLi solution (2.2 mmol) were refluxed under Nz 
at 55 °C for 8 hours. The solution changed to red very quickly and a few minutes later, an 
orange yellow precipitate appeared. The reaction was cooled to room temperature and 
exposed to air for 20 minutes. The color changed to orange red/yellow. The mixture was 
stirred in air for 12 hours, after which the solvent was removed with a vacuum line and 
the residue was washed with CH2C}z. The CH2Clz was removed with a rotatory 
evaporator, 0.40 g (yield 43%) of ora!_lge red solid was obtained. 
The reaction was repeated with 10.0 g and 17 .30 g of (OC)sMoP(p-tolyl)2H and 
refluxed for 36 hours. Exposure to air for 24 hours gave 4.47 g (yield 47.8%) and 12.2 g 
(yield 75.6%) of the product respectively. 31P{ 1H} NMR: 8p = 232.0 ppm, Figure 24. 
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IR [v(CO), (CH2Ch)]: 2031 cm-1 (vs); 1963 cm-1 (vs), Figure 25. Anal. Calcd for 
C36H2sOsP2Mo2: C, 51.33; H, 3.35. Found: C, 50.81, H, 2.93. 
19. Preparation of (OC)4Mo[µ-PPh2hMo(C0)4 (THF, monoglyme) 19 
In a 250 mL side-necked flask, 15.0 g (32.0 mmol) of (OC)sMoPPh2H, 100 mL of 
dry THF and 20.0 ml 1.6 M BuLi solution (32 mmol) were refluxed under N2 for 12 
hours. The solution changed to red very quickly and a few minutes later an orange yellow 
precipitate appeared. The reaction was cooled to room temperature and exposed to air for 
12 hours. The color of the yellow precipitate changed to orange red. The solvent was 
removed with a vacuum line and the residue washed with CH2Ch. After removing 
CH2Ch with a rotatory evaporator, 5.20 g (yield 37.2%) of orange red solid was obtained. 
The reaction was repeated with monoglyme as a solvent with an 18 hour reflux 
time and an air exposure of 15 hours to give 9 .10 g (yield 64.0% ). 31P{ 1H} NMR: 8p = 
232.8 pm, Figure 26. IR [v(CO), (CH2Ch)]: 2032 cm-1 (vs); 1958 cm-1 (vs), Figure 27. 
Part II 
The reaction ofW2(COh(PPh2H)[µ-PR2h with W2(COh(PPh2CH=CH2) [µ-PR2h 
{R = Ph, (p-tolyl)} 
20. The reaction of (C0)4W(µ-PPh2hW(C0)4 with PPh2H ( 1:1) 19 
In a 250 mL side-necked flask, under N2, a slurry of 3.00 g (3.12 mmol) of 
W2(CO)s(µ-PPh2h, 0.54 mL (3.12 mmol) PPh2H and 60 mL toluene was refluxed for 4 
hours. After the mixture was cooled to room temperature, the solvent was removed by 
vacuum line and the resulting red oil was washed with methanol. A precipitate appeared 
which was collected by filtration to give 3.30 g (yield 94.0%) reddish brown solid. 
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NMR: 31P{1H}, 8p =177.0 ppm (]p_p = 32.2, 17.9 Hz, lw-P = 179.4 Hz), 155.3 ppm ( fp_p 
= 32.7, 16.7 Hz, lw-P = 169.8 Hz), -13.4 ppm (lw-P = 245.0 Hz), Figure 28. IR [v(CO), 
(CH2Ch)]: 2042 cm-1 (vs); 2001 cm-1 (vs); 1937 cm-1 (vs); 1887cm-1 (vs), Figure 29. 
21. The reaction of (C0)4 W[µ-P(p-tolyl)zh W(C0)4 with PPh2H ( 1:1) 
In a 250 mL side-necked flask, under N2, a slurry of 1.0 g (0.98 mmol) of 
W2(CO)s[µ-P(p-tolyl)2h, 0.17 mL (0.98 mmol) PPh2H and 60 mL toluene were refluxed 
for 24 hours. After the mixture was cooled to room temperature, the solvent was removed 
by vacuum line and the resulting red oil was washed with methanol. A precipitate 
appeared which was collected by filtration to give 1.1g(yield95%) reddish brown solid. 
NMR: 31P{1H}, 8p = 175.8 ppm (fp_p = 36.5, 16.2 Hz, lw-P = 187.3, 162.3 Hz), 154.2 
ppm (Jp_p = 32.7,16.6 Hz, lw-P = 186.5, 147.3 Hz), -12.6 ppm (lw-P = 250.4 Hz), Figure 
30. IR [v(CO), (CH2Ch)]: 2041 cm-1 (s); 1999 cm-1 (s); 1935 cm-1 (vs); 1886 cm-1 (vw), 
Figure 31. 
22. The reaction of (C0)4W(µ-PPh2)zW(C0)4 with PPh2CH=CH2 (1:1) 92 
In a 250 mL side-necked flask, 3.0 g (3.1 mmol) of (C0)4W(µ-PPh2hW(C0)4, 
0.62 mL (3.1 mmol) of PPh2CH=CH2, and 60 mL of toluene were refluxed under N2 for 
24 hours. The solvent was removed with a vacuum line and the red oil remaining was 
washed with methanol. A reddish brown precipitate appeared at the bottom of the flask 
and after filtration, 3.2 g (yield 90%) reddish brown solid was obtained. NMR: 31P{1H}, 
8p =175.2 ppm (fp_p = 32.2, 17.9 Hz, lw-P = 175.0 Hz), 146.6 ppm (fp_p = 26.2, 17.7 Hz 
lw-P = 167.9 Hz), 5.1 ppm (lw-P = 248.1 Hz), Figure 32. IR [v(CO), (CH2Ch)]: 2040 cm-1 
(s); 1999 cm-1 (s), 1933 cm-1 (vs); 1884 cm-1 (vw), Figure 33. 
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23. The reaction of (C0)4W[µ-P(p-tolyl)2hW(C0)4 with PPh2CH=CH2 (1:1) 
In a 250 mL side-necked flask, 1.0 g (0.98 mmol) (C0)4[(µ-P(p-tolyl)2]zW(C0)4, 
0.20 mL (0.98 mmol) of PPh2CH=CH2, 70 mL of toluene were refluxed under N2 for 24 
hours, the solvent was removed by vacuum line and the red oil remaining was washed 
with methanol. A reddish brown precipitate appeared at the bottom of the flask and after 
filtration, 1.03 g (yield 87.4%) solid was obtained. 31P{1H} NMR: op= 173.9 ppm (]p_p = 
31.5, 15.7 Hz, lw-P = 177.8, 168.3 Hz), 145.4 ppm (]p_p = 14.9, 27.lHz, lw-P = 203.0, 
134.6 Hz), 5.6 ppm (lw-P = 257.4 Hz), Figure 34. IR [v(CO), (CH2Ch)]: 2038 cm-1 (s); 
1997 cm-1 (s); 1932 cm-1 (vs); 1881 cm-1 (vw), Figure 35. 
24. The reaction of (CO);JMo(µ-PPh2)2Mo(C0)4 with PPh2H (1:1) 
In a 250 mL side-necked flask, under N2 a slurry of 2.00 g (2.54 mmol) of 
(CO)Mo(µ-PPh2)2Mo(C0)4, 0.45 mL (2.5 mmol) PPh2H and 100 mL toluene were 
refluxed for 24 hours. After the mixture was cooled to room temperature, the solvent was 
removed by vacuum line and the resulting red oil was washed with methanol. A 
precipitate appeared which was collected by filtration to. give 2.35 g (yield 97 .9%) dar:\<: . 
red solid. 31P{ 1H} NMR: op= 231.6 ppm, 204.5 ppm, 176.7ppm, 23.6 ppm, Figure 36. 
The product was a mixture of monosubstituted complex and trans complex. No further 
separation was done. IR [v(CO), (CH2Ch)]: 2014 cm-1 (vw); 1986 cm-1 (m); 1918 cm-1 
(vs), Figure 37. 
25. The reaction of (CO);JMo(µ-PPh2)2Mo(C0)4 with PPh2CH=CH2 (1:1) 
In a 250 mL side-necked flask, under N2, a slurry of 3.00 g (3.82 mmol) of 
(CO)Mo(µ-PPh2)2Mo(C0)4, 0.76 mL PPh2CH=CH2 and 100 mL toluene were refluxed 
for 24 hours. After the mixture was cooled to room temperature, the solvent was removed 
Eastern Illinois University Experimental Section - 39 -
by vacuum line and the resulting red oil was washed with methanol. A precipitate 
appeared which was collected by filtration to give 3.3 g (yield 89%) dark red solid. 
3Ip{ IH} NMR: op= 229.8 ppm (]p_p = 34.3, 9.3 Hz), 190.5 ppm (Jp_p = 28.8, 8.3 Hz), 
34.9 ppm, Figure 38. IR [v(CO), (CH2Ch)]: 2042 cm-I (s); 2003 cm-I (s); 1942 cm-I (vs); 
1897 cm-I (vw), Figure 39. 
26. The reaction of (CO),.Mo[µ-P(p-tolylh]Mo(C0)4 with PPh2H (1:1) 
In a 250 mL side-necked flask, under N2, a slurry of 1.00 g (1.19 mmol) of 
(CO)Mo[µ-P(p-tolyl)2hMo(C0)4, 0.21 mL (1.2 mol) PPh2H and 60 mol toluene were 
refluxed for 24 hours. After the mixture was cooled to room temperature, the solvent was 
removed by vacuum line and the resulting red oil was washed with methanol. A 
precipitate appeared which was collected by filtration to give 1.05 g (yield 88.2%) brown 
solid. IR [v(CO), (CH2Ch)]: 2040 cm-I (s); 2001 cm-I (s); 1940 cm-I (vs); 1896 cm-I (vw), 
Figure 40. 
27. The reaction of (C0)4Mo[µ-P(p-tolylh]Mo(C0)4 with PPh2CH=CH2 (1:1) 
In a 250 mL side-necked flask, under N2, a slurry of 1.00 g (1.19 mmol) of 
(CO)Mo(µ-P(p-tolyl)2)2Mo(C0)4, 0.24 mL (1.2 mmol) PPh2CH=CH2 and 70 mL toluene 
were refluxed for 24 hours. After the mixture was cooled to room temperature, the 
solvent was removed by vacuum line and the resulting red oil was washed with methanol. 
A precipitate appeared which was collected by filtration to give 1.01g(yield82.7%) 
orange red solid. 31P{1H} NMR: op= 228.9 ppm (Jp_p= 33.6, 11.9 Hz), 189.8 ppm (Jp_p= 
28.2, 13.1Hz),35.5 ppm (]p_p = 36.9, 28.6 Hz), Figure 41. IR [v(CO), (CH2Ch)]: 2042 
cm-1 (s); 2003 cm-I (s); 1942 cm-I (vs); 1897 cm-I (s), Figure 42. 
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28. The reaction of W2(C0h(PPh2H)[µ-P(p-tolylhh with 
W2(COh(PPh2CH=CH2){µ-P(p-tolylhh and Kt-OBu 
Experimental Section - 40 -
In a three-necked flask, 98 mg (0.083 mmol) of W2(CO)?(PPh2H)[µ-P(p-tolyl)2h 
100 mg (0.0830 mmol) of W 2(C0)7(PPh2CH=CH2)[µ-P(p-tolyl)2h in 50 mL of dry THF 
was stirred under N2 for 1 minute and 100 mg of Kt-OBu was added. The red solution 
became darker immediately. It was refluxed under N2 for 24 hours, cooled to room 
temperature and the solvent was removed by vacuum. The solid was washed with dilute 
HCl and water and filtered. After recrystallization with CH2C}z/CH30H, the product was 
identified as (OC)4W[µ-P(p-tolyl)2]W(CO)z(112-PPh2CH2CH2PPh2) and (OC)4W[µ-P(p-
tolyl)2]W(C0)4. 31P{ 1H} NMR: 8p = 180.3 ppm, 139.9 ppm, 34.6 ppm, Figure 43. 
Computer simulated 31P{ 1H} NMR spectrum of the chelated complex: fp1pz = 12.0 Hz, 
JP3P4 = 7.4 Hz, ]p1P3 = ]pzp4 = -59.2 Hz, ]pzP3 = ]p1p4 = 30.9 Hz, Figure 44. 
29. The reaction ofW2(C0h(PPh2H) (µ-PPh2h with W2(CO),(PPh2CH=CH2) (µ-
PPh2h and Kt-OBu 
Into a three-necked flask were placed 98 mg (0.087 mmol) of W2(C0)7(PPh2H) 
(µ-PPh2)z, 100 mg (0.087 mmol) of W2(C0)1(PPh2CH=CH2) (µ-PPh2)2, 30 mL of dry 
THF and 10 mg of Kt-OBu. The red solution became darker immediately and was 
refluxed under N2 for 24 hours and cooled to room temperature. The solvent was 
removed by vacuum and the product was recrystallized from CH2Clz/CH30H. The 
product was identified as (OC)4[µ-PPh2]W(CO)z(112-PPh2CH2CH2PPh2). 31P{ 1H} NMR: 
8p = 181.4 ppm; 141.1 ppm; 34.9 ppm, Figure 45. Computer simulated 31P{ 1H} NMR 
spectrum of the chelated complex: fp1pz = 11.4 Hz, JP3p4 = 7.1 Hz, ]p1P3 = fpzp4 = -58.7 Hz, 
JP2P3 = ]p1p4 = 31.5 Hz, Figure 46. 
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30. The reaction of W2(C0)7(PPh2H) (µ-PPh2h with W2(CO),(PPh2CH=CH2) (µ-
PPh2h and NaOSi(Meh 
To a three-necked flask was added 30 rnL of dry THF, 50 mg (0.044 mmol) of 
W2(C0)1(PPh2H) (µ-PPh2h and 50 mg (0.044 mmol) of W2(C0)1(PPh2CH=CH2) (µ-
PPh2)2. To this solution was added 0.20 rnL of 1.0 M NaOSi(Me)3 in THF. The red 
solution became darker immediately and was refluxed under N2 for 24 hours. The 
solution was cooled to room temperature and the solvent was removed by vacuum. The 
red slime residue was recrystallized from CH2Ch and CH30H. 31P{ 1H} NMR: Op =175.0 
ppm, 146.4 ppm, 31.2 ppm, 4.9 ppm, -13.4 ppm, Figure 47. 
Part III The reaction of (OC)4M[µ-P(p-tolylhhM(C0)4 with Ph2PO::CPPh2 (DPPA) 
or trans-Ph2PCH=CHPPh2 (DPPE) (M = Mo, W) 
31. The reaction of (0C)4W[µ-P(p-tolylhhW(C0)4 with DPPA in toluene 
In a 100 rnL side-neck flask, a mixture of 0.70 g (0.69 mmol) of (OC)4W[µ-P(p-
tolyl)2h W(C0)4 and 136 mg (0.344 mmol) of DPP A in 50 rnL toluene was refluxed 
under N2 for 24 hours. After the solvent was cooled to room temperature and removed by 
vacuum, the residue was washed with methanol and collected to give 0.83 g of reddish 
brown solid. 31P{1H} NMR: op= 180.2 ppm, 174.0 ppm, 151.2 ppm, -11.4 ppm, -31.1 
ppm, Figure 48. The product was identified as a mixture of starting materials (OC)4 W[µ-
P(p-tolylhh W(C0)4 and monosubstituted complex (OC)4W[µ-P(p-
tolylhh W(C0)3(DPP A). 
A similar reaction was repeated with (OC)Mo[µ-P(p-tolylhhMo(C0)4 with 
DPPA. Op= 232.0 ppm, 228.6 ppm, 197.1ppm,21.9, -31.4 ppm, Figure 49. The product 
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was identified as a mixture of starting materials (OC)4Mo[µ-P(p-tolyl)2hMo(C0)4 and 
monosubstituted complex (OC)Mo[µ-P(p-tolyl)2]2Mo(C0)3(DPPA). 
32. The reaction of (OC)4W[µ-P(p-tolylhhW(C0)4 with DPPA (NaBH4, 1-butanol) 
In a 100 mL side-neck flask, a mixture of 0.2 g (0.2 mmol) of (OC)4 W[µ-P(p-
tolylhh W(C0)4, 39 mg (0.098 mmol) of DPPA, 50 mg of NaBI4 and 40 mL 1-butanol 
was refluxed under N2 for 24 hours. After the solvent was cooled to room temperature, 
the solvent was removed by vacuum and the residue was washed with methanol to give a 
reddish brown solid. NMR analysis revealed starting material as the primary product. 
31P{ 1H} NMR: 8p = 180.2 ppm, Figure 50. IR [v(CO), (CH2Ch)]: 2030 cm-1 (vs); 2000 
cm-1 (vw); 1955 cm-1 (vs), Figure 51. 
33. The reaction of (0C)4W[µ-P(p-tolylhhW(C0)4 with DPPA in monoglyme 
In a 100 mL side-neck flask, a mixture of 1.0 g (0.98 mmol) of (OC)4 W[µ-P(p-
tolylhh W(C0)4, 194 mg (0.491 mmol) DPPA and 50 mL monoglyme was refluxed 
under N2 for 5 days. After the solvent was cooled down to room temperature, the solvent 
was removed by vacuum and the residue was washed with methanol to give 0.8 g of ~ 
reddish brown solid. 31P{1H} NMR: 8p = 174.0 ppm, 148.8 ppm, - 7.5 ppm (2JPAPs= 
27.9, 2 ]pAPc = 35.7, 2 JPBPc = 16.6, 1lw2PA = 269.1, 1lw2PB = 132.9, c1Iw1Pc + 1lw2Pc) 12= 
171.8), Figure 52. IR [v(CO), (CH2Ch)]: 2039 cm-1 (s); 2030 cm-1 (m); 2000 cm-1 (s); 
1933 cm-1 (vs); 1886 cm-1 (vs), Figure 53. CV: Ea= 0.75, 0.87 V, Ee= 0.67, 0.79 V, 
Figure 54. 
34. The reaction of (OC)4 W[µ-P(p-tolylhh W(C0)4 with DPPE in monoglyme 
In a lOOmL side-neck flask, a mixture of 1.0 g (0.98 mmol) of (OC)4 W[µ-P(p-
tolyl)2h W(C0)4, 195 mg (0.491mmol) DPPE and 50 mL of monoglyme was refluxed 
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under N2 for 4 days. After the solvent was cooled down to room temperature and 
removed by vacuum, the residue was washed with methanol to give 0.95 g of reddish 
brown solid. NMR: 31P{1H}, bridged product---8p = 180.3 ppm, 174.0 ppm,_146.8 ppm, 
2 6 2 2 6 1 66 1 8.2 ppm ( ]pAPB = 2 .1 Hz, lPAPc = 34.7 Hz, ]psPc = 1 .4 Hz, lw2PA = 2 0. Hz, lw2PB = 
182.6 Hz, c1Iw1Pc + 1lw2pc) 12= 175.3 Hz), Figure 55; monosubstituted product---8p = 
6 6 2 2 2 173. ppm, 14 .3 ppm, 7.2 ppm, - 8.4 ppm, ( ]pAPs = 19.0 Hz, JPBPc = 27.0 Hz, ]poPc = 
19 .4 Hz, 2 ]pDPB = 31. 7 Hz, 1 lw2PB = 259 .2 Hz, 1 lw2Pc = 167 .0 Hz, (I lw1Po + I lw2Po) 12= 
P2.3 Hz), Figure 56. IR [v(CO), (CH2Ch)]: 2038 cm·1 (s); 1996 cm·1 (s); 1933 cm·1 (vs); 
1884cm·1 (vw), Figure 57. CV: Ea= 0.79, 0.88 V, Ee= 0.71, 0.80 V, Figure 58. 
35. The reaction of (0C)4Mo[µ-P(p-tolylhhMo(C0)4 with DPPA (monoglyme) 
In a 100 mL side-neck flask, a mixture of 1.20 g (1.43 mmol) of (OC)Mo[µ-P(p-
tolyl)2]zMo(C0)4, 282 mg (0.715 mmol) DPPA and 60 mL of monoglyme was refluxed 
under N2 for 5 days. After the solvent was cooled down to room temperature, the solvent 
was removed by vacuum and the residue was washed with methanol to give 1.15 g of 
reddish brown solid. NMR showed the product was .~ mixture of starting materials, 
bridged product and monosubstituted product. 31P{ 1H} NMR: starting materials--- 8p = 
232.1 ppm; bridged product-- 8p = 232.1ppm,229.2 ppm, 197.1ppm,25.5 ppm (2]pcPA = 
35.7 Hz, 21PcPB = 9.8 Hz, 2JPBPA = 29.6 Hz); monosubstituted product --- 8p = 228.6 ppm, 
= 29.3 Hz), Figure 59. IR [v(CO), (CH2Ch)]: 2040 cm·1 (m); 2032 cm·1 (vs); 2004 cm·1 
(m); 1960 cm·1 (vs), 1897 cm·1 (vw), Figure 60. 
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36. The reaction of (OC).iMo[µ-P(p-tolyl)zhMo(C0)4 with DPPE (monoglyme) 
In a lOOmL side-neck flask, a mixture of 1.00 g (l.19 mmol) of (OC),Mo[µ-P(p-
tolylhhMo(C0)4, 236 mg (0.594 mmol) of DPPE and 60 mL of monoglyme was 
refluxed under N1 for 4 days. After the solvent was cooled down to room temperature, the 
solvent was removed by vacuum and the residue was washed with methanol to give 1.03 
g of reddish brown solid. The products were identified as monosubstituted complex, 
(OC),Mo[µ-P(p-tolylhhMo(C0)3(DPPE), and starting materials. 31P{1H} NMR: Bp = 
232.3 ppm, 229.1ppm,191.4 ppm, 38.9 ppm, 23.5 ppm, Figure 61. 
' 
Part IV Synthesis and Attempted Separation of trans- and cis-W2(CO), 
(PPh2Hh(µ-PPh2h and W2(CO), (PPh2CH=CH2h(µ-PPh2h 
37. The reaction of (C0)4W(µ-PPh2)zW(C0)4 with PPhiff (1:2) 19 
In a 100 mL side-necked flask, a slurry of 0.50 g (0.52 mmol) of (C0)4 W (µ-
PPh2hW(C0)4, 0.25 mL (1.4 mmol) of PPh2H and 50 mL of deoxygenated toluene was 
refluxed under N2 for 4 hours. After cooling to room temperature the solvent was 
removed by vacuum to give a reddish brown slime. It was washed with methanol to give 
a reddish brown precipitate. After filtration, 0.60 g of reddish brown solid was obtained. 
The product was a mixture of trans- and cis-W2(C0)6 (PPh2H)2(µ-PPh2)2, and 
monosubstituted product, W2(COh(PPh2H) (µ-PPh2)2. The ratio between the trans and 
cis dimer was about 1:1. 31P{ 1H} NMR: cis---8p =176.2, 133.4, -10.2 ppm (2Jpp = 14.9, 
33.2 Hz; 1Jwp= 189.3, 168.9, 252.0 Hz); trans---8p = 154.9, -13.6 ppm (2Jpp = 14.5, 31.0, 
-31.0 Hz; 1JwpA= 254.l Hz, 1JwPB= 177.9 Hz), Figure 62. IR [v(CO), (CH2Clz)]: 
1980(m), 1908 (vs), Figure 63. 
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38. The reaction of (OC)4W(µ-PPh2hW(C0)4 with P(p-tolylhH and NaB~ 
In a 100 mL side-necked flask, a mixture of 0.90 g (0.94 mmol) of (OC)4 W[µ-
PPh2]z W(C0)4, 0.25 g of NaBH4 and 100 mL of deoxygenated toluene was refluxed 
under Nz for 1 hour. To this solution was added 1.0 mL (1.9 mmol) of P(p-tolyl)2H via 
syringe. The solution was refluxed for 5 hours and cooled to room temperature to give a 
reddish brown color. The solvent was removed by vacuum to give a dark brown slime. 
The slime was washed with methanol to give 1.08 g of reddish brown solid. 
; 1P{ 1H} NMR: 8p = 154.8 ppm; -13.1 ppm (2Jpp = 14.0, 30.3, -30.3 Hz; 1JwpA= 253.4 
Hz, 1JwPB= 180.8 Hz), Figure 64. IR [v(CO), (CH2Ch)]: trans - 2008 cm-1 (vw); 1979 cm-
1 (m); 1907 cm-1 (vs), Figure 65. CV: Figure 66. 
39. The reaction of (C0)4W(µ-PPh2hW(C0)4 with PPh2CH=CH2 (1:2) with NaB~ 
In a 500 mL side-neck flask, a slurry of 0.70 g (0.73 mmol) of (C0)4W(µ-
PPh2)2 W(C0)4, 0.30g of NaBH4 and 0.40 mL of PPh2CH=CH2 (1.8 mmol) in 80 mL of 
toluene were refluxed under N2 for 24 hours. The solvent was cooled to room 
temperature and removed by vacuum. The remaining reddish brown residue was washed 
with methanol and filtered to give 0.40 g of reddish brown solid. 31P{ 1H} NMR: cis ---
8p = 176.2, 116.7, 5.2 ppm (2Jpp = 15.5 Hz, 1JWP = 179.6 Hz); trans --- 8p = 147.2, 7.6 
ppm, Figure 67. 
40. The reaction of (C0)4W(µ-PPh2hW(C0)4 with PPh2CH=CH2 (1:2) in toluene 
In a 100 mL side-neck flask, a slurry of 1.0 g (1.0 mmol) of (C0)4W(µ-
PPh2)2 W(C0)4 and 0.60 mL of PPh2CH=CH2 (2.6 mmol) in 60 mL of toluene were 
refluxed under N2 for 48 hours. The solvent was cooled to room temperature and 
removed by vacuum. The remaining reddish brown residue was washed with methanol 
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and filtered to give 1.14 g of reddish brown solid. 31P{1H} NMR: cis --- Op= 176.2, 
116.8, 5.0 ppm; trans --- Op= 147.1, 7.5 ppm; monosubstituted-- Op= 175.0, 146.6, 34.7 
ppm, Figure 68. 
41. Attempted Separation of the trans and cis-(OCh(HPh2P)W(µ-
PPh2)2 W(COh(PPh2H) 
A: Two saturated solutions of trans-(OC)6(HPh2PhW2(µ-PPh2) in CDCh were 
prepared and placed in NMR tubes. Their purity was confirmed by 31P{ 1H} NMR. 
Sample B was placed in the dark as a control. Sample A was exposed to sunlight for three 
weeks (C) and for four months (D). 
31P{ 1H} NMR: Sample A: op= 150.0 ppm; - 10.2 ppm, Figure 69. Sample B: op= 150.0 
ppm; -10.2 ppm, Figure 69. Sample C: Op= 176.9 ppm, 154.9 ppm, 133.3 ppm, 21.9 
ppm, -10.3 ppm, -13.5 ppm Figure 70. Sample D: Op= 177.1 ppm, 155.3 ppm, 132.7 
ppm, 22.1 ppm, -10.1 ppm, -13.2 ppm, Figure 71. IR [v(CO), (CH2Ch): Sample A---1979 
cm·1 (m); 1908 cm·1 (vs), Figure 72. 
B: To an NMR tube containing a saturated THF-solution of pure trans dimer was 
added a couple of drops of [E4N]OH solution and an NMR spectrum was taken. The 
spectrum shown only pure trans. After 24 hours at room temperature, the spectrum was 
taken again. Some reactions had taken place to give identified products. 31P{ 1H} NMR: 
Op= 156.6 ppm, 118.7 ppm, 35.1 ppm, 32.8 ppm, 18.5 ppm, Figure 73. IR [v(CO), 
(CH2Ch)]: 1979 cm·1 (m); 1907 cm·1 (vs), Figure 74. 
C: A mixture of cis and trans dimer (from reaction 37) was irradiated with UV 
light in THF solution for 8 hours. The solvent was removed by vacuum and a 31P { 1H} 
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NMR spectrum obtained to see if the percentage of trans and cis dimer changed. It had 
not changed. 
31P{ 1H} NMR: op= 177.1ppm;176.2 ppm; 155.2 ppm; 133.4 ppm; -10.0 ppm; -13.3 
ppm, Figure 75. 
D: A saturated solution of pure trans dimer in THF was made up and a few 
crystals of 2,2' -azobis(isobutyronitrile )(AIBN) were added, it was warmed to 45°C for 1 
hour, cooled to room temperature and a 31P { 1H} spectrum was taken the next day. No cis 
product was observed. 
In a side-necked flask, 50 mg of a mixture of cis and trans dimer (from reaction 
37), a pea-sized quantity of AIBN and 30 mL of dry THF was refluxed under Nz for two 
days. The solvent was removed with a vacuum line and an NMR spectrum of the red 
solid was obtained. No change was noted. 31P{1H} NMR: op= 176.6 ppm; 155.1 ppm; 
133.3 ppm; 21.9 ppm; -10.1 ppm; -13.4 ppm, Figure 76. 
E: Attempted separation of the mixture of trans and cis dimer with a Soxhlet 
extractor 
Into a Soxhlet extractor cup was placed 200 mg of a mixture of cis and trans 
dimer. Absolute ethanol (20 mL), under N2, was heated for 14 hours. The solution color 
changed to red as extraction occurred. After cooling the solution to room temperature, 
some red solid appeared at the bottom of the flask. The solvent was removed with a 
vacuum line and an NMR spectrum was obtained for the red solid. 31P{ 1H} NMR: Figure 
77. 
The same process was repeated with hexane. 31P{ 1H} NMR: solid in cup ---
Figure 78; extract-- Figure 79. 
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F: A separation of the trans and cis mixture with a watch glass was attempted. 
A chloroform solution of a mixture of cis and trans dimers was placed on a watch 
glass covered with a beaker, and allowed to evaporate overnight. A 31P{ 1H} NMR 
spectrum of the solid left at the center (figure 80) of the watch glass was obtained as well 
as one of the solid left on the side (Figure 81) was obtained to see if the percentages of 
the cis or trans dimers were different for different parts of the watch glass. 31P{ 1H} 
NMR: sidewall --- Figure 81; center---- Figure 80. 
G: To a CH2Ch solution of a mixture of cis and trans isomers was added hexane 
dropwise until about half of the mixture precipitated. After filtrating and removing the 
solvent from filtrate, NMR spectra of the precipitate and the solid were obtained. 
31P{ 1H} NMR: precipitate --- Figure 82; filtrate----Figure 83. 
H: To a CH2Ch solution of the cis/trans mixture was added methanol dropwise 
until about half of the mixture precipitated. Two solutions were made from the 
precipitate, One was kept in dark at room temperature for 3 weeks (sample A) and the 
other one was kept in the dark for 1 hour (sample B). After filtration and solvent removal 
from the filtrate, 31P NMR spectra of the precipitate were obtained. 
31P{ 1H} NMR: Sample A: precipitate---- Figure 84; filtrate---- Figure 85. 
Sample B: precipitate---- Figure 86; filtrate---- Figure 87. 
I: A chromatographic separation of the mixture of trans and cis dimmers with 
thick layer plates(20x20 cm, 2000 microns, Analtech) was attempted. 
A mixture of hexanes/CH2Ch (3:1) was used to separate the mixture. Four 
different plates were used to achieve separation. Four intense bands appeared (see 
below) during separation for each plate, but for the second, third and fourth plate, 
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band D slowly disappeared. Band A was identified as (OC)sW2(µ-PPh2)2, Band B 
was identified as the monosubstituted product, (OC)1(PPh2H)W2(µ-PPh2)2. Band C 
was shown to be a mixture of the cis and trans isomers. Band D resulted from a 
mixture of products. 31P{1H} NMR: band C --- Figure 88; band D --- Figure 89. 
Band A 
BandB 
BandC 
BandD 
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Chapter III Results and Discussion 
Part I Synthesis of (OC)M[µ-P(p-tolyl)2hM(C0)4 (M= Mo, W) 
There are several routes that have been reported for the synthesis of the 
diphenylphosphido bridged dimer, (OC)4M[µ-PPh2hM(C0)4, but di(p-tolyl)phosphido 
complexes are unknown. Di(p-tolyl)phosphine, P(p-tolyl)2H, is structurally analogous (isosteric) 
to PPh2H but has received little attention. The methyl groups of P(p-tolyl)2H are electron-
donating and as a result the ligand is more basic than PPh2H. It would be expected, therefore, 
that complexes of the former would be more electron-rich and therefore, easier to oxidize. 
The following procedure has been shown to be successful for the synthesis of 
(OC)M[µ-PPh2hM(C0)4. The best reported yields were 50% and 56% for the tungsten and 
molybdenum complexes, respectively.33 
P(p-tol)zH 
(OC)5MP(p-tol)zH 
-:~/ 
M(C0)5P(p-tol)z-
+ 
M(C0)5P(p-tol)z-
7-ir 
-2CO 
Scheme23 
(M=Mo, W) 
(p-tol)2 
/p"-
(OC)4M--M(C0)4 
"-.p/ 
(p-tol)2 
In all of these procedures THF was used as the solvent. But all attempts to prepare 
(OC)M[µ-P(p-tolyl)z]zM(C0)4in this solvent were unsuccessful. 31P{1H} NMR spectra showed 
no phosphorus in the isolated soluble product. The reaction was repeated several times to insure 
that the concentration of the BuLi solution was correct and that the solvent and glassware were 
dry. The same negative results were obtained in each attempt. 
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The reaction of (OC)sWP(p-tolyl)2H with BuLi was expected to form anionic 
(OC)sWP(p-tol)2-, characterized by the formation of a reddish brown color. This color change 
was not observed. It seems that the anion does form but reacts more rapidly with the solvent 
rather than with another mole of anion. While (OC)sWPPh2- reacts with itself to form the 
dianion, (OC).M(µ-PPh2hM(CO)l-, (OC)sWP(p-tolyl)2- preferentially cleaves THF (Equation 
1). 
Li[(OC)5WP(p-tol)i] + C4H80 
Although the cleavage product was not isolated and characterized, the fact that the 
starting material in the reaction was consumed indicates that it reacts with solvent, other 
nucleophiles such as BuLi cleave THF smoothly to give butane, ethylene, and the lithium 
enolate. 83 
Q + BuLi BuH + o- u+ + d (2) 
Attempts to obtain a bridged product from W(C0)6, P(p-tolyl)2H and NaB~ proved 
unsuccessful, unlike the reaction with diphenylphosphine. The main product from this approach 
was fac-(OC)3 W[P(p-tolyl)2Hh. 
NaBH4, 1-butanol 
P(p-tol)2H 
OC1111 I ,,,,P(p-tol)2H 
'··w· .. ' 
OC,, I 'P(p-tolhH 
co 
(3) 
Although P(p-tolyl)2H and PPh2H have similar properties, the difference in their 
bascities is apparently great enough to change the course of the reaction. When PPh2H reacts 
with W(C0)6 in the presence of NaB~, one obtains phosphido-bridged products unless an 
excess of the ligand is used. On the other hand when P(p-tolyl)2H is substituted for PPh2H the 
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product of the reaction is fac-(OCh W(PPh2H)3 even when a deficiency of ligand is used. And 
whereas (OC)sMPPh2H (M =Mo, W) is readily converted to (OC)4M(µ-PPh2hM(C0)4in THF, 
[(OC)5WP(p-tol)2r reacts preferentially with THF rather than displace a carbonyl group. Thus, 
it is apparent that while THF is appropriate for reactions involving [(OC)5WPPh2r, it is not 
suitable for reactions involving [(OC)sWP(p-tolylhr. 
These results led us to search for a solvent that would be unreactive toward the 
phosphido anion. Ideally the modified procedure would give good selectivity and would be 
suitable for a small scale. 
Several other solvents (hexane, cyclohexane, toluene) were tried and with them the 
target complex, (OC)M[µ-P(p-tolyl)2hM(C0)4, was obtained, but in low yields. The low yield 
probably resulted because the reactants have low solubility in these solvents. For success in 
phosphido-bridged formation the solvent must have some capacity to coordinate to a vacant 
coordinate site (thus stabilizing the intermediate), must not react with the phosphido-anion, and 
must provide a reasonably high refluxing temperature. 
Ethyl ether is a good solvent choice to some extent because the lone pairs on oxygen 
could stabilize the intermediate and provide reasonable solubility of the reactants. This point is 
more important than achieving a high refluxing temperature. With ethyl ether the crude product 
is purer and the yield is higher than that achieved with hexane, cyclohexane and toluene. 
Finally monoglyme, CH30CH2CH20CH3, was chosen as the solvent of choice for the 
synthesis of (OC)M[µ-P(p-tolyl)2hM(C0)4. Not only does monoglyme have four lone pairs for 
solubilizing reactants and stabilizing intermediates, it also has a reasonably high boiling point 
(78°C) and does not react with [(OC)5WP(p-tolyl)2r . All of these properties are helpful for 
synthesis of (OC)M[µ-P(p-tolyl)2hM(C0)4. 
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With monoglyme as the solvent, good yields were obtained for both the tungsten (68%) 
and molybdenum (76%) complexes. The priority of the solvents used in the synthesis of the 
di(p-tolyl)phosphido bridged dimer, (OC)M[µ-P(p-tolyl)2hM(C0)4, is in the following order: 
Monoglyme > ethyl ether > hexane > cyclohexane > toluene 
The products were characterized with NMR and IR spectroscopy (Table 2). 
Table 2. 31P{1H} NMR and IR Data for Phosphido-Bridged Complexes 
Compound Chem. Shifts, ppm 1Jwp, Hz Uco, cm -1 
*(OC)4W{µ-PPh2}2W(C0)4 180.0 162.0 1961,2032 
(OC)4W{µ-P(p-tol)2}2W(C0)4 180.3 161.8 1957,2029 
*(OC)Mo{µ-PPh2}2Mo(C0)4 232.9 1967,2034 
( OC)Mo { µ-P(p-tol )z} 2Mo( CO )4 232.0 1963,2031 
* Organometallics. 1989, 8, 1399. 
The carbonyl stretching frequencies are found lower for (OC)M[µ-P(p-tolyl) 2hM(C0)4 
than for (OC)4W[µ-PPh2hW(C0)4 suggesting that the former complex is slightly more electron 
rich. The difference in electronic environment is small, however, as shown by the nearly 
identical 31P chemical shifts and coupling constants. 
The di(p-tolyl)phosphido-bridged complexes are reported for the first time. Their purity 
was confirmed by elemental analysis. 
Anal. Cacld for (OC)4W[µ-P(p-tolyl)2hW(C0)4 : C, 42.47; H, 2.75. Found: C, 42.27; H, 2.38. 
Anal. Cacld for (OC)Mo[µ-P(p-tolyl)2hMo(C0)4: C, 51.33; H, 3.35. Found: C, 50.93; H, 3.07. 
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Part II The reaction of (0C)4M[µ-P(p-tolylhhM(C0)4 with DPPA or DPPE 
(M=Mo, W) 
Two di tertiary phosphine, bis( diphenylphosphinoacetylene) (DPPA) and trans-1,2-
bis(diphenylphosphino)ethylene (DPPE}, were chosen due to their rigid backbones. The 
orientation of their lone pairs is restricted such that chelation is impossible. The two ligands 
represent the simplest of the unsaturated ditertiary phosphine ligands. The reversible oxidation 
and reduction of diphenylphosphido-bridged dimer has been established. Two dimeric units 
' linked by DPP A or DPPE are considered as potential building blocks for molecular wires. The 
electrocommunciation between two diphenylphosphido-bridged metal units, linked by DPP A or 
DPPE, has been established in our research group.92 It was expected that replacing the PPh2 
bridges in (OC)4W{µ-PPh 2}zW(C0)4 with P(p-tol)z would lead to a more electron rich complex 
and that this complex would have more favorable electrochemical properties. 
The substitution of the carbonyls of (OC)4W[µ-P(p-tolyl)2hW(C0)4 is more difficult 
than replacing the carbonyl groups in (OC)4W[µ-PPh2]zW(C0)4. Most of the product formed in 
toluene solution was the monosubstituted complex (OC)4W[µ-P(p-tolyl)2hW(C0)3(DPPA). No 
bridged complex, (OC)4 W[µ-P(p-tol) 2h W(C0)3(DPPA)(OC)3 W[µ-P(p-tolyl)zh W(C0)4, was 
obtained. That may be because (OC)4W[µ-P(p-tolyl)2hW(C0)4 is more electron rich than 
(OC)4W[µ-PPh2]zW(C0)4 and as a result the M-C bonds are stronger than those in (OC)4W[µ-
PPh2h W(COk That leads to slower substitution of the carbonyl groups. Furthermore, after 
substituting for one carbonyl group with DPPA or DPPE, the uncoordinated end becomes less 
basic. That makes substitution of a second carbonyl group become less favorable (Scheme 24). 
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CO (p-to1)2 CO 
QC I P. I co 
DPPA "' / "-- / w w 
- CO OC/ ' ""'p/ I "PPh2 
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Scheme24 
Replacing toluene with monoglyme and extending the running time to 4-5 days 
improved the extent of substitution of carbonyl groups and allowed the desired bridged 
complex, (OC)4 W[µ-P(p-tolyl)2hW(C0)3(DPPA)(OC)3 W[µ-P(p-tolyl)2hW(C0)4, to be 
obtained. 
Phosphorus-phosphorus coupling is the result of one 31P atom interacting magnetically 
with another. Tungsten-phosphorus coupling exists when 31P interacts with 183w, which is 
14.28% abundant among tungsten isotopes. Tungsten-phosphorus coupling is seen as a satellite 
pattern that flanks the major phosphorus-phosphorus coupling pattern. These smaller patterns 
appear on both sides of the principal phosphorus-phosphorus coupling pattern, and as replicas of 
the larger P-P pattern. The analysis of 31P{ 1H} NMR spectra in this thesis are mostly based on 
research reports and papers published by our research group. 
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For the compound shown in Scheme 25, the two tungsten atoms W 1, W2 are non-
equivalent so in principle one might expect 8x2 or 16 satellite lines for each phosphorus signal. 
The PA atom is not bonded to W1 and so the coupling is too small to observe. The Pc atom is 
trans to two CO groups and its couplings to W 1 and W 2 are so similar in magnitude that one 
cannot resolve the two couplings. Only an average JWP is obtained. The PB atom, however, 
shows the expected 16 lines. In this case the coupling of PB to W 2 is very different from the 
coupling of PB to W1 and couplings can be resolved. The P-P and W-P coupling constants were 
f 
obtained by averaging the values from the major signals and the W-P coupling constants were 
obtained by averaging the values from the most intense satellite signals, respectively. 
The 31P{1H} NMR spectrum of this complex shows two doublets of doublets at 174.0 
ppm (Pc) and 148.9 ppm (PB), which are assigned to the bridging P(p-tolyl)z ligands supported 
by a W-W bond (Figure 52). In addition, a doublet of doublets at - 7 .6 ppm (PA) is assigned to 
the phosphorus in the bridging DPPA ligand. The values of 17.4 Hz (PB-PA) and 15.9 Hz (PA-PB) 
are ascribed to the phosphorus-phosphorus coupling between bridging phosphido groups, and 
provide an average value of 16.4 Hz. 
Scheme25 
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The values of 35.7 Hz (PA-Pc), 34.5 Hz (Pc-PA) and 29.9 Hz (Pa-PA), 27.9 Hz (PA-Pa) 
with an average of 35.1Hzand28.9 Hz are ascribed to the phosphorus-phosphorus coupling 
between bridging phosphido groups and the DPP A ligand. All of these NMR data are 
summarized in Table 3. 
Table 3. 31P{1H} NMR and IR Spectral Data for (0C)4W[µ-P(p-
tolyl)zhW(COh(DPPA)(OChW[µ-P(p-tolyl)zhW(C0)4in CDCh. Units are ppm, Hz. See 
~cheme 25 for labels. 
BA=-7.6 
Ba= 148.9 
Be= 174.0 
1 fw1PA= 0 
l fw1PB = 200.5 
c1Iw1Pc + 1lw2Pc)/2= 171.8 
fpAPB= 27.9 
2hAPc= 35.7 
2JPBPc= 16.6 
1JW2PA = 269.1 
1 lw2PB = 132.9 
Data for the analogous diphenylphosphido bridged complex, (OC)4 W[µ-
PPh2hW(C0)3(DPPA)(OC)3W[µ-PPh2hW(C0)4, are shown in Table 4. The chemical shifts of 
phosphorus in (OC)4W[µ-P(p-tolyl)2hW(C0)3(DPPA)(OC)3W[µ-P(p-tolylhhW(C0)4 all move 
downfield compared to those in the phenyl complex. These shifts show that there are small 
electronic differences in the two complexes. 
Electrochemical data of the complex (OC)4W[µ-P(p-tolylhhW(C0)3(DPPA)(OC)3W[µ-
P(p-tolyl)2hW(C0)4 and its comparison with (OC)4W[µ-PPh2hW(C0)3(DPPA) (OC)3W[µ-
PPh2hW(C0)4 are shown in Tables 5 and 6, respectively. 
Eastern Illinois University Results and Discussion - 58 -
Table 4. 31P{1H} NMR Spectral Data for (0C)4W(µ-PPh2hW(COh(DPPA)(OChW(µ-
PPh2hW(C0)4 in CDCIJ. Units are ppm, Hz. See Scheme 25 for labels.92 
8A = - 8.2 
8s= 150.3 
8c=175.2 
1fw1PA= 0 
1Jw1PB= 200.1 
]pAPs = 28.5 
2 ]pAPc = 35.4 
2JPBPc= 16.5 
1Jw2PA = 268.3 
l fw2PB = 134.6 
1 1 ( lw1Pc + lw2Pc) 12= 172. 7 
Table 5. Cyclic voltammogram of (OC)4W[µ-P(p-tolylhhW(COh(DPPA)(OChW[µ-P(p-
tollhh W(C0)4 
E112 ( V) vs Ferrocene E112 ( V ) Lffip(mV) Ea( V) Ee( V) 
Ferrocene 0.42 80 0.46 0.38 
1st oxidation potential 0.71 0.29 80 0.75 0.67 
2nd oxidation potential 0.83 0.41 80 0.87 0.79 
Table 6. Cyclic voltammogram of (OC)4W(µ-PPh2hW(COh(DPPA)(OChW(µ-
PPh2h W(C0)4 92 
E112 ( V) vs Ferrocene E112 ( V ) Lffip(mV) Ea( V) Ee( V) 
Ferrocene 0.54 70 0.57 0.50 
1st oxidation potential 0.88 0.34 60 0.91 0.85 
2nd oxidation potential 0.99 0.45 80 1.03 0.95 
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Ei12 is the half - wave potential, ~ is the peak separation, Ea is the anodic peak and Ee is the 
cathodic peak. 
The oxidation of (OC)4 W[µ-P(p-tolylhh W(C0)3(DPPA)(OC)3 W[µ-P(p-
tolyl)2h W(C0)4 occurs in two steps (Figure 54), the first one at 0.75 V and the second at 0.87 V 
which are 0.29 and 0.41 V more positive than that observed for ferrocene. Two CV peak 
separations of 60 m V and 80 m V were measured when the scan rate was 1.0 V min-1• This 
suggests that there is electronic communication between the two sides of the compound over the 
DPP A bridge such that when one electron is removed from one di tungsten unit, the second 
ditungsten unit is affected. If there was no communication, one would expect a two-electron 
oxidation that represents removal of an electron from each side of the molecule at the same 
potential. Removing an electron from one side makes it more difficult to remove an electron 
from the other. The reduction of the oxidized material or the cathodic peaks occurs such as to 
suggest that the process is reversible. Electron removal is shown in Scheme 26. 
The (OC)4 W[µ-P(p-tolyl)2h W(C0)3(DPPA)(OC)3 W[µ-P(p-tolyl)2h W(C0)4 complex is 
more electron rich and is slightly easier to oxidize than the analogous diphenylphosphido 
complex. The half-wave potentials of the di(p-tol)phosphido bridged complex are at 0.71 V 
and 0.83 V, and for diphenylphosphido bridged complex are at 0.88 V and 0.99 V. When these 
values are compared to the ferrocene standard taken as zero, they became 0.29 V and 0.41 V, 
and 0.34 V and 0.45V. Thus, the difference between the two complexes is 0.04 V. 
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'-.....c=c,/"' 
In order to compare a --C=C- bridge with a / ""- bridge for electronic 
communication, complexes of trans-Ph2PCH=CHPPh2 (DPPE) were prepared (Scheme 27). 
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An analysis of NMR data (Table 7) and CV data (Table 8) for (OC)4 W { [µ-P(p-
tolylhhW(C0)3(DPPE)(OC)3W[µ-P(p-tolyl)2hW(C0)4 follows: 
Scheme27 
Table 7. 31P{1H} NMR Spectral Data for (0C)4W[µ-P(p-tolyl)2hW(COh(DPPE)(OC)3W[µ-
P(p-tolyl)zhW(C0)4 in CDCIJ. Units are ppm, Hz. See Scheme 27 for labels. 
BA= 8.2 
Ba= 146.9 
Be= 174.0 
1lw1PA=O 
c1Iw1PB + 1lw2PB) = 182.6 
c1Iw1Pc+ 1lw2Pc)/2= 175.3 
]pAJ'B = 26.1 
2 ]pAPc= 34.7 
2 JPBPc = 16.4 
l Jw2PA = 260.6 
The 31P{1H} NMR data for the above complex (OC)4W[µ-P(p-
tolyl)2]zW(C0)3(DPPE)(OC)3W[µ-P(p-tolylhhW(C0)4 were obtained in the same way as for 
(OC)4W[µ-P(p-tolylhhW(C0)3(DPPA)(OC)3W[µ-P(p-tolyl)2hW(COk The satellite lines for 
Pa, however, are overlapped. Only an average lw-P was obtained. 
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As with the complex (OC)4W[µ-P(p-tolyl)z]zW(C0)3(DPPA)(OC)3W[µ-P(p-
tolyl)2h W(C0)4, the oxidation of (OC)4 W[µ-P(p-tolyl)zh W(C0)3(DPPE)(OC)3 W[µ-P(p-
tolyl)2h W(C0)4 occur in two steps. The first occurs at 0.79 V and the second at 0.88 V (figure 
58 ). Two steps allow us to conclude that electronic communication occurs between the two 
sides of the compound through the DPPE bridge. The reduction of the oxidized material occurs 
at 0.71Vand0.80 V respectively. Compared with the complex bridged with DPPA, the 
oxidation and reduction peaks are not clear and resolved. Also the reversibility is not as good as 
the complex bridged with DPP A. This show the electro-communication of the complex linked 
by DPPA is slightly better than the complex linked by DPPE. There is a triple bond in DPPA, 
but a double bond in DPPE. It is conclusion that triple bond is slightly better for electro-
communication than a double bond. 
Table 8. Cyclic voltammagram of (0C)4 W[µ-P(p-tolyl)z]2 W(CO)J(DPPE)(OC)J W[µ-P(p-
tolyl)2]2W(C0)4 
E112 ( V) vs Ferrocene E112 ( V ) Lllip(mV) Ea(V) Ec(V) 
Ferrocene 0.47 150 0.54 0.39 
1st oxidation potential 0.75 0.28 80 0.79 0.71 
2nd oxidation potential 0.84 0.37 80 0.88 0.80 
The ligand, DPPE, forms complexes in which only one end is coordinated( Scheme 28). 
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The NMR data of the (OC)4W[µ-P(p-tolyl)z]zW(C0) 3(DPPE) (Scheme 28), a by-product 
for the reaction (OC)4W[µ-P(p-tolyl)2hW(C0)4 with DPPE, was analyzed. 
I 
Table 9. 31P{1H} NMR Spectral Data for (0C)4W[µ-P(p-tolyl)zhW(C0h(DPPE) in CDCh. 
Units are ppm, Hz. See Scheme 28 for labels. 
8A = -8.4 
8B= 7.2 
8c= 146.3 
80= 146.3 
JPAPB = 19.0 
2]poPc= 19.4 
2JPBPc= 27.0 
2JPBPD= 31.7 
1lw2PB = 259.2 Hz 1lw2Pc = 167.0 Hz 
c1Iw1PD+ 1lw2PD)/2= 172.3 Hz) 
The analysis for Pc and Po is the same as for analysis of the complexes (OC)4 W[µ-P(p-
tolyl)z]z W(C0)3(DPPA)(OC)3 W[µ-P(p-tolyl)2hW(C0)4 and (OC)4 W[µ-P(p-
tolyl)z]zW(C0)3(DPPE)(OC)3W[µ-P(p-tolyl)zhW(C0)4. Because PA is not bound to tungsten, it 
appears as a doublet. The Phosphorus PB couples with PA, Pc and P0 . It should show sixteen 
satellite lines, but because these satellite lines are not intense and well resolved, the PB coupling 
to W 2, estimated to be 259 .3 Hz, is not very precise. The 259 .2 Hz coupling should be 
straightforward because only W 2 is involved. 
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The reaction of (OC)Mo[µ-P(p-tolyl)2]zMo(C0)4 with DPPA or DPPE was carried out, 
and NMR spectra showed the products to be bridged and unbridged (Scheme 29). Separation of 
the bridged and unbridged compounds by thin layer chromatography was not successful. These 
molybdenum complexes were speculated to decompose during separation. For the reason that 
there is not coupling between molybdenum and phosphorus, there are not satellite lines in the 
spectra of the molybdenum complexes. 31P{ 1H} NMR data for the molybdenum complexes of A, 
B and C are recorded in Table 10. All these data are from the spectra of crude products. 
' For complex A, the 31P{ 1H} NMR spectrum shows three doublets of doublets at 229.2 
ppm, 197.1 ppm and 25 ppm. The first two are assigned to bridging PPh2 ligands supported by 
Mo-Mo bond. The third doublet of doublets is assigned to the phosphorus in the bridging DPPA. 
The values of 8.8 Hz (Pc-PB) and 10.8 Hz (PB-Pc) were averaged (2JPBPc = 9.8 Hz) and ascribed 
to the phosphorus-phosphorus coupling between bridging phosphido groups. The values of 35.2 
Hz (Pc-PA) and36.l Hz (PA-Pc), average to 35.6 Hz and those of 29.8 Hz (PB-PA) and 29.3 Hz 
(PA-PB) average to 29.6 Hz and are ascribed to the phosphorus-phosphorus coupling between 
bridging phosphido groups and bridging DPP A group. 
Table 10. 31P{1H} NMR Data for Molybdenum complexes, Unit is ppm, Hz. See scheme 29 
for labels. 
&:= 229.2 'l.]pAPc= 35.7 
A 8B= 197.1 2JPBPc= 9.8 
8A= 25.5 2]pAPB = 29.6 
Bo= 228.6 'I. f PBPo = 35.0 
&:= 194.3 21PoPc= 9.1, 
B 8B= 21.9 2 f PBPc = 29 .3 
8A = -31.0 2]pAPB= 5.8 
&:= 229.1 
c 8B = 191.4 
8A = 39.0 
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Scheme29 
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For the monosubstituted complex B, the 31P NMR spectrum shows two doublets of 
doublets at 228.6 ppm and 194.3 ppm, which are assigned to the bridging PPh2 ligands. Because 
PB couples with the other three phosphorus atoms, PA· Pc and Po, the pattern is expected to be 
doublet of doublet of doublets, or eight lines. This signal is found at 21.9 ppm. Due to 
overlapping doublets, seven lines appear in the spectrum. A doublet at-31.0 ppm is assigned to 
the uncoordinated PA· The P APB coupling was measured to be 5.8 Hz. The values of 8.9 Hz (P0 -
Pc) and 9.3 Hz (Pc-Po), averaged to 9.1 Hz, are ascribed to the phosphorus-phosphorus coupling 
between bridging phosphido groups. The values of 35.0 Hz and 29.3 Hz are ascribed to coupling 
between bridging phosphorus and coordinated phosphorus bound to molybdenum by DPPA. 
Due to overlapping doublets, the coupling of PB to PA, Pc and Po were not obtained. 
For the complex C, the chemical shifts at 229.1 ppm, 191.1 ppm and 39.0 ppm are 
assigned to Pc, PB and PA respectively. The P-P coupling constants could not be obtained from 
the crude spectrum. 
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Part III 
(p-tol); M= W, Mo} 
In this part, six compounds were made for the reaction of M1(C0)1(µ-PR2h(PPh2H) with 
The structures of the above compounds are shown in the Scheme 30, and the 31P{1H} 
NMR data are recorded in Table 11. The NMR data were obtained in the same way as those 
compounds in part II. 
CO Ph2 CO 
oc". I /Pe"- I /co 
/j"" /j" oc co ~R2 co p APh2CH=CH2 
2 
Scheme30 
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Table 11. 31P{1H} NMR of Phosphido-bridged Complexes. Unit is ppm, Hz. See labels in 
Scheme 30 
1 bA = -13.1 fwpA= 245.0 
bB = 155.3 2}psPA = 32.7 1JWPB = 169.8 
2}psPc = 16.7 
8c= 177.0 2}pcPA = 36.4 1 lwPc = 179.4 
2]pcPB = 16.3 
2 bA = 5.1 1JWPA = 248.1 
bB= 146.6 z f PBPA = 26.2 1JWPB = 167.9 
2JPBPc= 17.7 
8c=175.2 2}pcPA = 32.2 1fWPc= 175.0 
2}pcPB= 17.9 
3 bA = -12.7 1JWPA = 250.4 
bB = 154.2 2JPBPc = 16.6 1JWPB = 166.9 
z JPBPA =32.7 
8c=175.8 2}pcPB = 16.2 1fwpc= 174.8 
2}pcPA = 36.5 
4 bA = 5.6 2JPAPB = 27 .0 1JWPA = 257.4 
2]pAPc = 32.0 
8B = 145.4 2JPBPc = 14.9 1JWPB = 168.8 
2JPBPA = 27.1 
8c= 173.9 2]pcPB = 15.7 1fWPc = 173.1 
z f PcPA = 31.5 
5 bA = 34.9 
bB = 190.5 2JPBPA = 28.8 
2]PBPc = 8.3 
8c= 229.8 z }pCPA = 34.3 
2]pcPB = 9.3 
6 bA = 35.5 2 ]pAPc = 36.9 
2 ]pAPB = 28.6 
bB = 189.8 z f PBPA = 28.2 
2fPBPCs = 13.1 
8c= 228.9 z }pCPA = 33.6 
2]pcPB = 11.9 
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Due to overlapping of doublets, the coupling constants between PA and PB, Pc in 
compounds 1, 2, 3, 5were11.0t obtained. 
refluxing THF and KOBut are shown in the following procedure (Scheme 31). 
A 
R = Ph, (p-tol) 
R = Ph, (p-tol) 
6 KOBut 
THF 
c 
Scheme31 
B 
The approach failed. Instead of obtaining the desired product, 31P{ 1H} NMR spectrum 
(Figure 43,45) showed that the product of the reaction was not C-C bridged complex C, but 
Rogers first made this chelated species by an alternate method in the Keiter research group. 
Most likely product C did form at one point, but decomposed to form W2(CO)s(µ-PR2)z and 
structures of the chelating compounds are showed in Scheme 33. 
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The 31P{1H} NMR spectra of chelated compounds were AA'XX' and will be analyzed 
by computer simulation (Figure 44, 46). 
For phosphido-bridged complexes I and Il, both tungsten atoms are bound to the 
bridging phosphorus and therefore there are two sets of W-P satellites. For the chelating 
phosphine, there is only one set of W-P satellites. The satellite pattern overlaps with the central 
part of the spectrum and gives some distortion of intensities of the non-satellite signals. After 
computer simulation, the P-P coupling constants are: Complex 1--- ]p1P2 = 11.4 Hz, Jf'3p4 = 7.1 
Hz, ]ptP3 = JP2P4 = ±58.7 Hz, JP2P3 = ]ptP4 = 31.5 Hz; Complex n ---]p11'2 = 12.0 Hz, ]f'3p4 = 7.4 
Hz, lP1P3 = ]PJ.p4 = ±59.2 Hz, JP2P3 = ]p1p4 = 30.9 Hz. Due to the intensity of satellite lines, 
tungsten-phosphorus coupling constants for complex I and Il were not obtained. 
The same reaction was repeated with Na0Si(Me)3 instead of KOBut as base, and the 
final product seemed to be the staring material (OC)4W(µ-PPh2)zW(C0)3PPh2CH=CH2. The 
other staring material, (OC)4W(µ-PPh2)zW(C0)3PPh2H, was totally disappeared. The 
mechanism is under analysis. 
Part IV Synthesis and Separation of trans- and cis-W2(CO), (PPh2Hh(µ-PPh2)2 
The preparation of trans- and cis- W2(C0)6 (PPh2H)2(µ-PPh2)2 was first reported in 1989 
through the reaction of W(C0)6, PPh2H, NaB~ in 1-butanol. The product was principally trans 
with only a trace of the cis compound present in the crude reaction mixture. Later, more 
reactions were carried out to make trans- and cis-W 2(C0)6 (PPh2H)2(µ-PPh2)2 by our research 
group. The reaction of (OC)4W(µ-PPh2)2W(C0)4 with PPh2H or PPh2CH=CH2 in toluene gave 
about a 50:50 mixture of cis and trans. It is clear that the mechanism for this reaction must be 
different from that for the borohydride. It may be that the borohydride reaction gives the kinetic 
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product while the thermal reaction gives the thermodynamic product. The carbonyl arrangement 
on each tungsten is the same for both the cis and trans complexes. In addition to the same local 
symmetry the cis and trans complexes are similar electronically, as a result an IR spectrum of a 
mixture of trans and cis does not appear any different from a spectrum of just the trans isomer. 
CO Ph2 CO 
H(p-tolhP" I /Pe""-. I /co 
/w~ /w"'-. 
OC I p6. I PA(p-tol)2H CO Pn2 CO 
A 
B c 
CO Ph2 CO 
H2C=HCPh2P" I /Pe""' I /co 
/w~ /w'°"' 
OC I Pe· I P APh2CH=CH2 
CO Pn2 CO 
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Scheme34 
The 31P NMR spectra of trans compounds A, B, D were AA'XX'. In each case the value 
of N (JAX.+ JAX.') is zero within the resolution of the instrument. JAX. and JAX' are of equal 
magnitude and of opposite sign. Simulated values for these two coupling constants are 30.9 and 
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- 30.9 Hz for compound B and 30.3, -30.3 Hz for compound A. No spectrum of pure compound 
D was obtained, and as a result coupling constants for D could not be obtained with certainty. 
Table 12. 31P{1H} NMR Data of trans and cis phosphido bridged complexes. Unit is ppm, 
Hz. See labels in Scheme 34. 
A 
B 
c 
D 
E 
Os= 154.6 
<>s= 155.0 
Os= 133.3 
8c= 176.2 
OA= 7.7 
Os= 147.2 
OA= 5.2 
Os= 116.7 
8c= 176.2 
2]psPB· = 14.0 
2 f PBPA = 30.3 
2 f PBPA' = -30.3 
2JPBPB· = 14.0 
2 f PBPA = 30.3 
2 f PBPA' = -30.3 
2JPBPB· = 14.5 
2 f PBPA' = -31.0 
2JPBPA = 31.0 
2 f PBPB· = 14.5 
2 f PBPA' = -31.0 
2 f PBPA = 31.0 
2fpAPB = 33.2 
2 ]pAf'c = 33.2 
2JPBPc = 14.9 
2JPBPA = 33.2 
2]pcPB = 14.9 
2JPcPA = 33.2 
2 f PBPB· = 15.5 
2 ]pAf'c = 30.0 
2]pAPB = 27.1 
2JPBPc = 16.2 
2JPBPA = 54.8 
21PcPB = 17.1 
z ]pCPA = 60.6 
1JWPB = 180.8 
l fWPA = 252.0 
11WPc = 189.3 
The 31P{ 1H} NMR spectra of compounds C and E consist of two doublets of triplets 
arising from the two nonequivalent bridging PPh2 groups and a triplet arising from the terminal 
ligands. The triplet from the terminal ligands is really two overlapping doublets. The chemical 
shifts at 133.2 ppm and 116.7 ppm fro E and C. respectively, can be assigned to the bridging 
phosphido groups that are trans to the two terminal phosphine ligands. The signals at 176.2 ppm, 
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fortuitously the same for C and E, are consistent with bridging phosphido groups trans to two 
CO ligands. 
Early electrochemical work for trans-W2(C0)6 (PPh2H)2(µ-PPh2) 2 by Keiter86 showed 
facile reversible loss of one electron at a potential (0.19 V) which is only 0.04 V more positive 
than that observed for ferrocene. Complex A differs from W 2(C0)6 (PPh2H)2(µ-PPh2)2 in having 
two P(p-tol)2H in place of two PPh2H groups. This has the effect of increasing the electron 
density of complex A compared to the diphenyl derivatives, so oxidation of compound A is 
expected to be more favorable. The cyclic voltammagram of A however showed that the process 
of oxidation and reduction of the compound is irreversible. No intense oxidation or reduction 
peaks appeared leading to the conclusion that the trans compound decomposed during the 
electrochemical reaction. 
The borohydride reaction in butanol gives the kinetically controlled trans product but 
over time, it isomerizes to form the trans/cis thermodynamic ratio. Isomerization depends upon 
conditions. The equilibration occurs when the isomerization is catalyzed in some way. 
Two saturated solutions of the pure trans compound in CDCh were placed in an NMR 
tube. One was placed in the dark as a control and did not change with time. Cis and 
monosubstituted complexes appeared in the second sample that had been placed in the sunlight 
for 3 weeks. To a third saturated solution in an NMR tube was added a couple of drops of 
[Et~]OH solution. After 24 hours, at room temperature an NMR spectrum showed the absence 
of cis, but new peaks around 119 and 157 ppm appeared. The spectrum also showed unreacted 
trans compound. Perhaps the ligand PPh2H was deprotonated by [Et~]OH and the dianion is 
present. 
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Scheme35 
The signal at 156.6 ppm was assigned to bridging PPh2 groups, and the signal at 118.7 
ppm is assigned to the deprotonated phosphorus. Coupling constants were assigned: 1 ]pew = 
322.0 Hz, 1JPAW = 174.7 Hz, 2Jpp = 14.5, 28.5, - 28.5 Hz. The new complex remains unidentified. 
Another pure trans saturated solution sample was made up and to it was added a few 
crystals of 2,2' -azobis(isobutyronitrile) (AIBN) (a free radical source). After warming it to 
45°C for 1 hour, a 31P{1H} NMR spectrum obtained showed that no reaction had occurred. 
Separation of the cis from the trans was tried by column chromatography but only trans 
isomer could be isolated in all attempts. Later thick layer plates were also tried for the 
separation. The starting material and a monosubstituted complex were obtained. Two more 
bands were present but one of them disappeared. The 31P{1H} NMR spectrum of the remaining 
one showed that it was still a mixture. It seems that silica gel used in the chromatography does 
not work well for our purpose, and leads to the decomposition of the cis product. 
Another attempt was to use a Soxhelt extractor for the separation. With a polar solvent 
such as ethanol, the cis is expected to be extracted leaving the trans behind, or if the mixture 
extracted with hexane it should leave the cis behind. But after extracting, 31P{ 1H} NMR of the 
solution showed a mixture of trans and cis compound. The ratio of these two isomers did not 
change much, and some monosubstituted compound was formed during extraction. 
A layer of methanol was placed on top of a solution of the cis and trans isomers in 
CH2Clz; the two-phased mixture was placed in the refrigerator. A 31P NMR spectrum of the 
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crystals and of the remaining solution revealed that the cis isomer increased in percentage 
relative to the trans. 
To another solution of the cis and trans isomers in CH2Ch was added methanol until 
about half of the mixture precipitated. The solution was kept in the dark room temperature for 
three weeks. A 31P{ 1H} NMR spectrum showed that the precipitate was almost all trans 
compound while the solution showed the trans, cis and monosubstituted complexes. After 
stayed in the solution for a long time, the cis compound apparently decomposed. 
Our attempts to isolate the cis isomer failed. It appears that the cis compound has 
inherent instability. All efforts to separate cis from trans resulted in a mixture, sometimes 
containing the monosubstituted product, two terminal phosphine ligands. A complex containing 
two terminal phosphine ligands appears to be unstable with respect to a complex containing just 
one terminal phosphine ligand. 
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